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A b strac t
This re s e a rc h  examined c h i l d r e n ' s  development of knowledge 
s t r u c t u r e  and s p o r t  performance in  t e n n i s .  A knowledge t e s t  was 
des igned  to  measure d e c l a r a t i v e  knowledge and a serve  and groundstroke 
s k i l l  t e s t  were developed to  measure s k i l l .  An o b se rv a t io n a l  in s trum en t 
was designed  to  record  the  components of performance fo r  the  serve  
(d e c is io n  and execu tio n )  and game p la y  fo llow ing  the  serve  ( c o n t r o l ,  
d e c i s io n  and e x e c u t io n ) .  Phase 1 compared e x p e r t  and novice te n n is  
p la y e rs  w ith in  two age l e v e l s ,  10-11 y e a r s -o ld  and 12-13 y e a r s -o ld ,  on 
the  in d iv id u a l  components of te n n is  performance and on measures of 
te n n is  knowledge, s e rv e  s k i l l ,  and g roundstroke  s k i l l .  Experts  
r e g a rd le s s  of age performed b e t t e r  than  novices on te n n is  s k i l l  and 
knowledge; e x p e r t s '  d e c i s io n s  and a c t io n s  were b e t t e r  du r ing  te n n is  game 
perform ance. D e c la ra t iv e  knowledge was r e l a t e d  to  the  development of 
p rocedu ra l  knowledge, whereas se rve  and groundstroke s k i l l  were r e l a t e d  
to  the  motor ex ec u tio n  components of perform ance. In phase 2 v e rb a l  
r e p o r t s  were used to  a s s e s s  th e  bases of d e c i s io n s  du ring  game p la y .  
P o in t  (du ring  game p lay) and s i t u a t i o n  ( a f t e r  game p lay) In te rv iew s  were
used. The r e s u l t s  were based on two measures of knowledge s t r u c t u r e ,
i . e . ,  what was s to re d  ( th e  t o t a l  number, th e  v a r i e t y ,  and th e
c h a r a c t e r i s t i c s  of concep ts  w ith in  c o n d i t io n ,  a c t io n ,  and goal
c o n c e p ts ) ,  and how i t  was s to r e d  ( th e  number of connec tions  between
x l i
concep ts  and th e  l in k ag es  a c ro s s  and w ith in  c o n d i t io n ,  a c t io n  and goal 
co n c e p ts ) .  Experts  as  compared to  n o v ices ,  focused on h igher  l e v e l  
co n ce p ts ,  had more In te rc o n n e c t io n s  among th e se  co n ce p ts ,  and had 
a v a i l a b l e  a wider v a r i e ty  of c o n d i t io n  and a c t io n  concep ts  t h a t  were 
Im portant to  th e  goal s t r u c t u r e  of th e  game. O v e ra l l ,  th e  e x p e r t ' s  
g r e a t e r  decis ion -m ak ing  a b i l i t y  du r in g  game p lay  was d i r e c t l y  r e l a t e d  to  
t h e i r  knowledge s t r u c t u r e .
x i i i
i n t r o d u c t io n
D eve lopm en ta lls ts  In v e rb a l  and motor behav ior  have begun to  l in k  
d i f f e r e n c e s  In performance to  changes In c h i l d r e n ' s  knowledge of 
s p e c i f i c  c o n te n t .  P r io r  t o  t h i s ,  c o g n i t iv e  and motor s k i l l  r e s e a rc h  
dem onstra ted  a g e - r e l a te d  performance d i f f e r e n c e s ;  however, re c e n t  
I n v e s t ig a t io n s  d i r e c te d  towards e x p e r t i s e  l e v e l s  I n d ic a te  a g e - r e l a t e d  
d i f f e r e n c e s  a re  not as  Im portant a v a r ia b le  a s  e x p e r t i s e .  F u r th e r ,  the 
e x p e r t s '  s k i l l e d  performance i s  p r e d ic te d  to  be in f lu en ced  by t h e i r  
knowledge s t r u c t u r e  a l low ing  them more e f f e c t i v e  and e f f i c i e n t  use of 
t h e i r  knowledge du ring  perform ance.
C o n tra s t in g  h igh -  and low-knowledge c h i ld r e n ,  Gobbo and Chi (1986) 
found th e  degree of s t r u c t u r e  in  th e  domain of d inosau r  knowledge 
c r u c i a l  In p r e d ic t in g  the su ccess  of performance on memory and r e l a t e d  
t a s k s .  Verbal r e p o r t  a n a ly s i s  of th e  knowledgeable c h i l d r e n ' s  
c o n s i s t e n t  rea so n in g  in  a s o r t i n g  ta sk  I n te r a c te d  w ith  reaso n in g  in 
t h e i r  knowledge domain ( I . e . ,  s o r t i n g  based on a b s t r a c t  f e a t u r e s ) .  
O pposite t h i s ,  low knowledge c h i ld r e n  were l i t e r a l  in  t h e i r  reason ing  
and In c o n s i s te n t  in  t h e i r  s o r t i n g .  W ithin a s p o r t ,  A lla rd  and B u rn e t t  
(1985) found s im i l a r  c o n t r a s t s  of b a s k e tb a l l  e x p e r t  and novice a d u l t  
p la y e rs  in  a p i c tu r e  s o r t i n g  ta s k  c o n s i s t i n g  of scenes  o f  game p la y .  
Verbal r e p o r t  a n a ly s i s  a g a in  r e v e a le d  e x p e r t s  s o r te d  c o n s i s t e n t l y  on 
a b s t r a c t  p r i n c i p l e s  ( e . g . ,  zones, o f f e n s e s ) ,  whereas nov ices  c a te g o r iz e d  
on the  l i t e r a l  f e a tu r e s  of the  p i c tu r e s  ( e . g . ,  two people p la y in g ,  one 
person p la y in g ) .
In  a s tu d y  s im i l a r  t o  th e  p r e s e n t  one, French and Thomas (1987) 
examined th e  r e l a t i o n  of knowledge base t o  s p o r t  performance acco rd ing
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r a t i n g s .  They in v e s t ig a te d  the  r e l a t i o n  o f  the  amount of b a s k e tb a l l  
knowledge and th e  a b i l i t y  to  make a p p ro p r ia te  d e c i s io n s  du r in g  game p lay  
to g e th e r  w ith  the  amount of s p o r t  s k i l l  and th e  a b i l i t y  to  execu te  s p o r t  
s k i l l s  e f f e c t i v e l y  du r in g  game p la y .  Using an o b s e rv a t io n a l  in s tru m en t,  
th ey  coded the  c o g n i t iv e  and motor s k i l l  components of a c t u a l  game 
performance. French and Thomas found th e  c o g n i t iv e  decision-m aking  
component, r a th e r  than  the motor s k i l l  components ( i . e . ,  c o n t ro l  and 
e x e c u t io n ) ,  to  be th e  maximum d is c r im in a to r  of e x p e r t  and novice 
c h i ld r e n  r e g a rd le s s  of age du ring  o f fe n s iv e  b a s k e tb a l l  p la y .  They a l s o  
in f e r r e d  from a m u l t ip le -c h o ic e  knowledge t e s t  ( a s s e s s in g  both 
d e c l a r a t i v e  and p ro ced u ra l  knowledge) and an open-ended s i t u a t i o n  
in te rv iew  t h a t  e x p e r t s  recognized  r e le v a n t  in fo rm atio n ,  r e c a l l e d  l a rg e r  
amounts of b e t t e r  o rgan ized  in fo rm atio n ,  and understood the  Importance 
of a c t io n s  of th e  opposing team. That i s ,  the  ex p e r ts  who performed 
w e ll ,  s p e c u la te  French and Thomas (1967) and Thomas, French, and 
Humphries (1986), d id  so because the  e x p e r ts  ( r e g a rd le s s  of age) had 
s u f f i c i e n t  b a s k e tb a l l  knowledge ( i . e . ,  knowledge about th e  game, i t s  
g oa ls  and a c t io n s ,  knowledge of m onitoring  s k i l l s ,  and knowledge of 
a c t io n s  w ith in  th e  c o n te x t  of the  s p o r t ) .
Examinations of t e x t  p ro cess in g  of hlgh-knowledge b a s e b a l l  fans  
(C h le s l ,  S p l l l c h ,  & Voss, 1979; S p l l l c h ,  Vesonder, C h le s i ,  6  Voss, 1979) 
and v e rb a l  r e p o r t s  g a th e red  du ring  phases of a c tu a l  com petetion of an 
e x p e r t  badminton p la y e r  (Housner, 1981) rev ea led  s i m i l a r i t i e s  in  the 
r e p r e s e n ta t io n  of s p o r t - s p e c i f i c  knowledge. These s tu d ie s  in d ic a te d  
t h a t  e x p e r t s  have more h ig h ly  developed s p o r t~ s p e c i f i c  knowledge 
s t r u c t u r e s  and c o g n i t iv e  p ro cesse s  to  o p e ra te  on t h i s  knowledge 
s t r u c t u r e  ( e . g . ,  the  chunking of c r u c i a l  s t r a t e g i c  e v e n ts ,  a t t e n t i o n
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toward c e r t a i n  environm enta l cues) when c o n t ra s t e d  w ith 
less-know ledgeab le  fans  or novice p la y e r s .
An adequate th e o ry  of the  r o le  c o g n i t io n  p lays  In s p o r t  performance 
must e x p la in  how r e le v a n t  knowledge f a c i l i t a t e s  a p la y e rs  c o g n i t iv e  
d ec is ion -m ak ing  a b i l i t y  du ring  game p la y .  To d a te  re s e a rc h  I s  l im i te d  
In term s of how (or In what ways) s p o r t - s p e c l f l c  knowledge in f lu e n c e s  
dec ision-m aking  s k i l l  du ring  a c tu a l  game p la y .  Based on p a s t  re se a rc h  
( e . g . ,  C h lesi  e t  a l . ,  1979; French & Thomas, 1986; Gobbo & Chi, 1986; 
Housner, 1981; S p l l l c h  e t  a l . ,  1979) and p re s e n t  s p e c u la t io n s  (see ,  
Thomas e t  a l . ,  1986; Thomas, French, Thomas, G a l lag h er ,  in  p re s s )  
d i f f e r e n c e s  between ex p e r ts  and novices should occur in  terms of what 
ex p e r ts  know about response s e l e c t i o n  and what ex p e r ts  do w ith  what they  
know In order to  s e l e c t  an a p p ro p r ia te  response  in the  c o n te x t  of a game 
s i t u a t i o n .
S p e c i f i c a l l y ,  th e  goal s t r u c t u r e  of a problem or a  s p o r t  s i t u a t i o n  
may a f f e c t  the  q u a l i t y  of d e c l s io n s ( s )  made in  the  c o n te x t  of a game 
s i t u a t i o n .  The knowledge s t r u c t u r e  of s p o r t ,  so f a r ,  has been 
o p e ra t io n a l ly  d e f in e d  to  Include knowledge of th e  games goal s t r u c t u r e  
( e . g . ,  means by which a game i s  won, u s u a l ly  h i e a r c h i a l l y  o rgan ized) 
combined w ith  knowledge of r e l a t e d  game a c t io n s  in  term s of th e  games 
goal s t r u c t u r e  ( i . e . ,  knowledge of r e l a t i o n s  o f  a c t io n s  to  g o a l s ) .  This 
may be co n ce p tu a l ized  as  d e c l a r a t i v e  knowledge, a p r o p o s i t lo n a l  network 
of f a c t s  Inh e ren t  In the  s p o r t .  Sport knowledge may a l s o  Include 
p a t t e r n s  or r u le s  fo r  g e n e ra t in g  p a t t e r n s  of a c t io n s  to  produce goal 
r e l a t e d  changes In th e  c o n te x t  of a game s i t u a t i o n  (C h le s i  e t  a l . ,  1979; 
S p l l l c h  e t  a l . ,  1979). These r u le s  or p a t t e r n s  (p ro ced u ra l  knowledge) 
and f a c t u a l  knowledge (d e c l a r a t i v e  knowledge) w ith in  a c e r t a i n  domain
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adhere  to  frameworks Involved In developm ental ( e . g . ,  chi  & C ecl,  1987; 
Chi & Rees, 1983) and computer s im u la ted  ( e . g . ,  Anderson, 1981, 1983) 
l e a rn in g .  P rocedu ra l  knowledge i s  o rgan ized  around c o n d i t io n s  ( the  
c ircum stances  under which the  p ro d u c tio n  can apply) and a c t io n s  (what 
should be done when the  p roduc tion  a p p l ie s )  which a re  in f lu en ced  by the  
c u r r e n t  g o a ls  and c o n te x t  ( s t im u l i  from the  env ironm ent) .  Chi and Ceci 
(1987) and Anderson (1983) a l s o  s p e c u la te  t h a t  d e c l a r a t i v e  knowledge 
must be accumulated p r io r  to  th e  development of p ro ced u ra l  knowledge.
Within a s p o r t - s p e c i f i c  domain, Thomas e t  a l .  (1986) and Thomas e t  
a l .  ( in  p re s s )  s p e c u la te  t h a t  th e  r o le  knowledge base development p lay s  
in  s p o r t  performance i s  due to  more e f f e c t i v e  and e f f i c i e n t  response 
s e l e c t i o n  ( e . g . ,  In l e s s  time and w ith  l e s s  in fo rm ation  w ith in  the  
con tex t  of a game s i t u a t i o n ) .  Experts  w ith g r e a te r  d e c is io n  making 
a b i l i t y  a re  expected  to  s t r u c t u r e  knowledge a t  a more s o p h is ic a te d  
(h ig h er)  l e v e l  c o n s i s t i n g  of h ig h ly  s t r u c t u r e d  o f fe n s iv e  and d e fen s iv e  
s p o r t  co n cep ts .  E xperts  a re  expected  to  e x h ib i t  a g r e a t e r  number of 
co n ce p ts ,  more in te rc o n n e c t io n s  among co n ce p ts ,  and more ru le s  
concern ing  how to  perform  in  response  to  a s p e c i f i c  s i t u a t i o n  ( e . g . ,  
Adelson, 1984; Chase & Simon, 1973 a b; Chi, 1978; Chi & Koeske, 1983; 
Chi, F e l to v lc h ,  & G la se r ,  1961; C h ie s l  e t  a l . ,  1979; Gobbo & Chi, 1986; 
Hurphy & W right, 1 9 8 4 ; .S p l l lc h  e t  a l . ,  1979).  O v e ra l l ,  e x p e r ts  a re  
p re d ic te d  t o  have a v a i l a b l e  a wider v a r i e t y  and /o r  more a l t e r n a t i v e  
p roduc tions  ( i . e . ,  r u l e s )  t h a t  a re  im portan t to  th e  goal s t r u c t u r e .
Another I n te r p l a y  of knowledge and i t s  s p o r t  s p e c i f i c  p rocesses  
du ring  a c t u a l  game p lay  i s  s p e c u la te d  to  be the  r e s u l t  of the  s k i l l e d  
p e r fo rm e rs '  ex ec u tio n  a b i l i t y .  This a l low s more a t t e n t i o n  or quick 
acc ess  to  t h e i r  knowledge s t r u c t u r e  which r e s u l t s  in  b e t t e r  a n t i c i p a t i o n
5
and p re d ic t io n  ( e . g . ,  Keele, 1962; Thomas e t  a l . ,  in p r e s s ) .  The 
redundancy of f a s t  a c t io n  s k i l l  in  r a p id l y  changing environments i s  
s to r e d  in  th e  e x p e r t ' s  knowledge. N ovices, however, may not have 
acqu ired  or have s to re d  the  s k i l l  a l low ing  them the  o p p o r tu n i ty  to  
q u ic k ly  access  t h i s  knowledge s t r u c t u r e .  Also, novices may app ly  s k i l l  
ex ec u tio n  as  an o v e r r id in g  goal concept (as  opposed to  a s t r a t e g i c  
concep t)  in t h e i r  knowledge s t r u c t u r e  due to  t h e i r  lack of s p o r t  s k i l l  
or a c t io n  au tom ation .
As reviewed, a u se fu l  way to  a s s e s s  the  r o le  of s p o r t - s p e c i f i c  
knowledge in s p o r t  performance i s  a re s e a rc h  paradigm examining ex p e r t  
and novice d i f f e r e n c e s .  This s tudy  c o n t r a s t s  e x p e r t  and novice c h i ld  
te n n is  p la y e rs  w ith in  two age groups in  terms of t h e i r  t e n n is  knowledge 
s t r u c t u r e  ( i . e . ,  o rg a n iz a t io n )  and the  a b i l i t y  to  app ly  t h i s  t e n n is  
knowledge to  make an a p p ro p r ia te  response  in  the  c o n tex t  of a game 
s i t u a t i o n .  Based on p rev ious  r e s u l t s ,  e x p e r t s  r e g a rd le s s  of age a re  
expected to  e x h ib i t  more te n n is  knowledge and s k i l l .  The most d ram atic  
e x p e r t /n o v ic e  d i f f e r e n c e s  a re  p re d ic te d  to  occur in  terms of th e  
e x p e r t s '  g r e a t e r  dec ision-m aking  a b i l i t y  ( i . e . ,  response  s e le c t io n )  
during  game p lay  which r e f l e c t s  t h e i r  more s o p h i s t i c a te d  knowledge 
s t r u c t u r e .  O v e ra l l ,  e x p e r t i s e  i s  expected  to  o v e r r id e  a l l  age and age 
by e x p e r t i s e  e f f e c t s  a s  knowledge s t r u c t u r e  of a s p e c i f i c  domain i s  
p re d ic te d  to  In f lu en ce  decis ion -m ak ing  a b i l i t y  ( i . e . ,  reaso n in g )  du r in g  
perform ance. S p e c i f i c a l ly ,  th e  fo llow ing  q u e s t io n s  were ad d ressed :
1 . Is  the  q u a l i t y  of dec ision-m aking  a b i l i t y  r e l a t e d  to  s k i l l e d  
performance?
2. Are th e re  d i f f e r e n c e s  in  th e  type  and degree of knowledge 
s t r u c t u r e  accord ing  to  the  q u a l i t y  of dec is ion -m ak ing  a b i l i t y ?
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3. Are th e re  d i f f e r e n c e s  In the  use of t h i s  knowledge r e l a t i v e  to  
decis ion -m ak ing  a b i l i t y  du ring  a c tu a l  game p lay?
Research in  t h i s  a rea  may c o n t r ib u te  to  unders tand ing  the 
know ledge-base/perform ance r e l a t i o n  a s  e x p e r t i s e  i s  ach ieved . The 
exam ination  of s p o r t - s p e c i f i c  knowledge and how t h i s  knowledge 
In f lu en c es  c o g n i t iv e  decision-m aking  a b i l i t y  may be u s e fu l  for 
p r a c t i t i o n e r s  in terms of t r a i n i n g  ( e . g . ,  teach ing  c e r t a in  
3 p o r t - s p e c l f i c  l f - t h e n - d o  r u le s )  or d ia g n o s is  of c h i l d r e n 's  s p o r t  
performance ( e . 9 . ,  i d e n t i f y in g  a weak p ro ced u re ) .  A lso, i f  ex p e r ts  a re  
found to  s t r u c t u r e  knowledge in  a s p e c i f i c  manner, then  re s e a rc h e r s  and 
e v e n tu a l ly  p r a c t i t i o n e r s  may develop  ways to  e x p l i c i t l y  convey t h i s  to  
nov ices  to  ln c re s e  t h e i r  a b i l i t y  in  s p o r t  perform ance. The 
in v e s t ig a t io n  of the knowledge base and performance In te r a c t io n  w ith in  a 
s p o r t  domain may c o n t r ib u te  to  unders tand ing  th e  developmental Is su e s  in  
c o g n i t io n .  That I s ,  th e  ta sk  used to  a s s e s s  performance d i f f e r e n c e s  is  
no t a r b i t r a r y  but in h e re n t  in  th e  knowledge base under I n v e s t i g a t io n .  
Also th e  c h i ld  p a r t i c i p a n t s  a re  h ig h ly  m otivated  and a re  a sse sse d  in 
c o n d i t io n s  s im i la r  t o  t h e i r  n a tu ra l  environm ent du ring  perform ance.
Phase 1
The r e l a t i o n  of th e  q u a l i t y  of decis ion -m ak ing  a b i l i t y  t o  s k i l l e d  
performance i s  addressed  in  Phase 1. Examining th e  r o le  of c o g n i t io n  in  
a s p o r t  s e t t i n g  ( s in g le s  t e n n is )  should  f i r s t  e n t a i l  an exam ination  of 
s p o r t  perform ance. S po rt  performance invo lves  th r e e  components: 1) 
knowledge about th e  game, 2 ) th e  a b i l i t y  to  execu te  th e  n ece ssa ry  s p o r t  
s k i l l s ,  and 3) the  i n t e r a c t i o n  of knowledge and s k i l l  du r in g  game 
s i t u a t i o n s  (Thomas e t  a l . ,  1966). The f i r s t  s te p  was to  examine the  
f i r s t  two components, knowledge and s k i l l .  The r e l a t i o n  of t e n n is
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knowledge, s e rv in g  s k i l l ,  and g rounds troke  s k i l l  was examined w ith in  two 
age groups (10-11 and 12-13 y ea rs )  of e x p e r t  and novice c h i ld  t e n n i s  . 
p l a y e r s .  The le v e l  of e x p e r t i s e  was p r e d ic te d  to  o v e r r id e  a l l  age and 
age x e x p e r t i s e  e f f e c t s .  S k i l l  was expec ted  to  produce th e  most 
d ram a tic  e x p e r t /n o v ic e  d i f f e r e n c e s  as  knowledge about th e  game ( i . e . ,  
d e c l a r a t i v e  knowledge) i s  p re d ic te d  to  develop  p r io r  t o  d e c i s io n  making 
a b i l i t y  ( i . e . ,  p ro ced u ra l  knowledge) d u r in g  game p la y .  O v e ra l l ,  both 
c o g n i t iv e  and motor s k i l l s  a re  p rd ic te d  to  c o n t r ib u te  to  th e  development 
of s k i l l e d  perform ance.
Next, to  examine the  i n t e r a c t i o n  of knowledge and s k i l l  du ring  game 
p la y ,  th e se  same c h i ld r e n  were observed during  s in g le s  t e n n i s  p lay  and 
the  r e l a t i o n  of th e  components of performance (motor and c o g n i t iv e )  was 
compared as a fu n c t io n  of age and e x p e r t i s e .  During game p lay  the  
knowledge component of performance ( c o g n i t iv e  dec is ion -m ak ing  a b i l i t y )  
was expected  to  maximally d i s c r im in a te  between e x p e r t  and novice te n n is  
p la y e r s  r e g a rd le s s  of age . F in a l ly ,  how t e n n i s  knowledge, se rv e  s k i l l ,  
and g roundstroke s k i l l  were r e l a t e d  to  the  components of performance was 
examined. A s i g n i f i c a n t  r e l a t i o n  was p r e d ic te d  between th e  s e t s  of 
v a r i a b l e s  a s  performance t e s t s  (knowledge, s e rv e ,  and g roundstroke)  a re  
expec ted  to  be p r e d i c to r s  of d e c i s io n  and ex ec u t io n  a b i l i t y  du ring  game 
p la y .
Method
S u b jec ts
Male p a r t i c i p a n t s  from a summer t e n n i s  camp program and r e c r e a t i o n  
ju n io r  te n n is  program served  as  s u b j e c t s .  E xperts  were Independently  
d e f in e d  as advanced t e n n i s  p la y e rs  w ith  tournam ent ex p e r ien ce  and high 
l e v e l s  of t e n n i s  s k i l l .  Novices were a l s o  independen tly  d e f in e d  a s
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beginner p la y e rs  w ithout tournament experience  and minimal l e v e l s  of 
t e n n is  s k i l l .  Before a t te n d in g  th e  camps, p la y e rs  were asked to  
i d e n t i f y  t h e i r  le v e l  of ex p er ien ce :  b eg in n e r ,  advanced, or tournament 
p layer  on th e  a p p l i c a t i o n  form. Bach p l a y e r ' s  e x p e r t i s e  le v e l  was then  
v e r i f i e d  by e x p e r ts  ( th e  camp d i r e c to r  and 3 head in s t r u c t o r s  
p a r t i c i p a t i n g  in  the  camps and the  head in s t r u c to r  p a r t i c i p a t i n g  in  th e  
r e c r e a t io n  camp). S k i l l  le v e l  v e r i f i c a t i o n  p e r io d s  were conducted the 
f i r s t  day of both programs l a s t i n g  a p e r io d  of 3-4 hours in  which a l l  
camp p a r t i c i p a n t s  were observed during  d r i l l  s e s s io n s  and game p la y .  
Following t h i s  p e r io d ,  the  experim enter ( c e r t i f i e d  in  te n n is  
i n s t r u c t io n )  to g e th e r  w ith  the  i n s t r u c to r s  c l a s s i f i e d  male p la y e rs  as 
novices and ex p e r ts  accord ing  to  the  c h a r a c t e r i s t i c s  d e f in e d  e a r l i e r ;  
the  p la y e rs  were s e le c te d  from the  beginner groups and 
advanced/tournam ent groups. F in a l ly ,  each p la y e r  s e le c te d  from th e  
group was adm in is te red  an experience  q u e s t io n n a i r e  ( fo r  c h a r a c t e r i s t i c s  
see  Table 1 ) .  The q u e s t io n n a ir e  was des igned  to  a s s e s s  each In d iv id u a ls  
te n n is  ex p er ien ce .
I n s e r t  Table 1 about here
A t o t a l  o f  40 male p la y e rs  was s e le c te d  a s  e x p e r t  or novice 
accord ing  to  t h e i r  p rev ious  tournament ex p e r ien ce  and s k i l l  l e v e l .  Two 
age groups were s e l e c t e d ,  10-11 years  and 12-13 y e a r s .  These ages  were 
s e le c te d  as  most ju n io r  tournam ents a re  c l a s s i f i e d  accord ing  to  t h i s  age 
span ( e . g . ,  a 2 year p e r io d -  10, 12, 14, 16, 18 year o ld s ) .  Ten p la y e rs  
formed each of th e  four groups (H = 40):  e x p e r t  10-11 y e a r -o ld s ,  H = 
132.8 months, S. 5 4 .6 months; novice 10-11 y e a r - o ld s ,  H = 132.6 months S.
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= 8.5 months; e x p e r t  12-13 y e a r -o ld s ,  H = 157.6 months S. = 6-6 
months,and novice 12-13 y e a r - o ld s ,  11 = 154.8 months, £. = 8 .0  months 
In s tru m en ta t io n
Severa l months p r io r  to  t h i s  s tu d y ,  an Instrum ent was developed to  
examine te n n is  s k i l l ,  t e n n is  knowledge, and a c tu a l  game performance of 
ex p e r t  and novice male t e n n is  p la y e r s ,  ages 8-13 y e a rs .
R e l i a b i l i t y  and v a l i d i t y  t e s t i n g  was conducted w ith  8-13 year old 
males from a lo c a l  ju n io r  te n n is  program and the  f i r s t  two se s s io n s  of a 
summer te n n is  camp.
Tennis Knowledge Test. A 50-item  m u l t ip le  choice  t e s t  to  examine 
te n n is  knowledge ( f a c t u a l  or d e c l a r a t i v e )  was judged v a l id  in c o n ten t  by 
3 c e r t i f i e d  I n s t r u c to r s  and an e lem en tary  educa to r  in terms of 
language, te rm inology , b a lan ce ,  and coverage of f a c tu a l  te n n is  knowledge 
( e . g . ,  r u l e s ,  p la y e r  p o s i t i o n s ,  s t ro k e  p ro d u c t io n ,  and s c o r in g ) .  The 
w r i t t e n  t e s t  was ad m in is te re d  to  e x p e r t  and novice male te n n is  p la y e rs  
ages 8-13. The r e s u l t s  In d ic a te d  the  knowledge t e s t  was a r e l i a b l e  
measure of t e n n is  knowledge, KR-20=.81. The median index of d i f f i c u l t y  
was .50. The mean of th e  index o f  d i s c r im in a t io n  was .31 . The t e s t  was 
a l s o  shown to  d i s c r im in a te  between e x p e r t  and novice t e n n is  p la y e rs  
r e g a rd le s s  of age . The r e s u l t s  in d ic a te d  t h a t  the  knowledge t e s t  was a 
r e l i a b l e  and v a l id  measure of t e n n i s  knowledge fo r  boys ages 8-13 
y e a r s -o ld  ( fo r  more d e t a i l s  of th e  development of t h i s  t e s t  see 
Appendix- Knowledge T e s t ) .
S k i l l  T e s t s .  The r e l i a b i l i t y  and v a l i d i t y  of th e  s k i l l  t e s t s  was 
e s ta b l i s h e d  by a t e s t - r e t e s t  p rocedure  and e x p e r t  judgment. For s k i l l  
e v a lu a t io n ,  a g roundstroke  and s e rv e  s k i l l  t e s t  was c o n s tru c te d  by 
modifying a v a r i e t y  of accep ted  s k i l l  t e s t s  (Avery, R ichardson , 4
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Jackson , 1979; DlGennaro, 1969; G ru e t te r  & D avis, 1985; P u r c e l l ,  1981), 
The s k i l l  t e s t s  were deemed v a l id  by 4 t e n n i s  e x p e r t s .  The s k i l l  t e s t s  
were ad m in is te re d  tw ice to  male e x p e r t  and novice p la y e rs  rang ing  from 
8-13 years  of age. Groundstroke s k i l l  was measured by having p la y e rs  
p o s i t i o n  them selves a t  a p o in t  behind the c e n te r  s e r v ic e  s t r i p e  on the 
b a s e l in e .  The t e s t e r ,  the  exp er im en te r ,  d e l iv e r e d  a t o t a l  of 24 b a l l s  
(judged good by the  experim en te r ,  an e x p e r t )  t o  each p layer  who 
a t tem pted  to  s t ro k e  10 forehand and 10 backhand g roundstokes .  The 
t r i a l s  c o n s is te d  of 1 p r a c t i c e  followed by 5 scored c ro s s  c o u r t  and 1 
p r a c t ic e  followed by 5 scored  down the  l i n e  fo r  each g roundstroke . 
Scoring  of the  forehand and backhand g roundstroke  c o n s is te d  of marked 
number zones (des ig n a ted  3, 2, and 1) w ith  th e  h igher  sco re  n ea re r  the  
b a s e l in e .  The t o t a l  p o s s ib le  p o in t s  fo r  g rounds trokes  was 60 p o in t s .  
Serve s k i l l  was measured using  procedures s im i la r  to  the  g roundstroke  
s k i l l  t e s t  in  which the  se rv e  was scored  on th e  bases of the  t a r g e t  a rea  
h i t .  The s u b je c t  served  from the  s e rv ic e  p o s i t i o n  and served  In to  two 
s e p a ra te  t a r g e t  a r e a s  (forehand and backhand s e rv ic e  zones) fo r  both 
the  r i g h t  and l e f t  s e rv ic e  c o u r t .  I n t r a c l a s s  r e l i a b i l i t y  e s t im a te s  fo r  
the se rv e  and g roundstroke  s k i l l  t e s t s  were .91 and .72 fo r  th e  younger 
age group, and .87 and .88 fo r  th e  o ld e r  age group. Experts  and nov ices  
d i f f e r e d  s i g n i f i c a n t l y  on th e  g roundstroke  and .serve s k i l l  t e s t s .  (See 
Appendix- Tennis S k i l l  T es ts )
Game s k i l l s . To In v e s t ig a te  game s k i l l s ,  p la y e rs  were film ed 
du r in g  a c t u a l  game p la y .  An o b s e rv a t io n a l  Instrum ent was designed  to  
reco rd  th e  components of performance ( c o n t r o l ,  d e c i s io n ,  and execu tio n )  
of c h i ld r e n  d u r in g  s in g le s  t e n n i s  p la y .  The se rve  du r in g  game p la y  was 
coded fo r  d e c i s io n  and ex ec u t io n  w hile game p la y  fo llow ing  th e  se rv e  was
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coded fo r  c o n t r o l ,  d e c i s io n ,  and e x e c u t io n .  The q u a l i t y  of d e c i s io n s  
during  the  se rve  was coded as a 1 i f  the  p la y e r  made a s t ro n g  s t r a t e g i c  
d e c i s io n  in the  c o n tex t  of a g iven  s i t u a t i o n .  A 0 was coded a s  a weak 
d e c i s io n  i f  the  p lay e r  made a poor s t r a t e g i c  d e c i s io n  in  the  c o n te x t  of 
a given s i t u a t i o n .  Execution of the  d e c is io n  fo r  th e  se rv e  was coded in 
terms of the  type  of e r r o r  (out or n e t te d  se rv e )  and whether or no t the  
ex ecu tion  was fo rc in g  ( i . e . ,  u s u a l ly  p la c in g  p re s su re  on th e  opponent 
due to  placement speed, s p in ,  or dep th)  or a s u c c e s s fu l  se rve  w ithou t 
speed s p in ,  dep th ,  or placem ent. All p la y e rs  were a b le  to  c o n ta c t  the 
b a l l  in order to  make a d e c i s io n ,  th e re fo r e  a c o n t ro l  c a teg o ry  fo r  the  
serve  was not n ecessa ry .  Game p lay  fo llow ing  the  se rve  was coded as  to  
whether or not th e  p layer  gained and m ain ta ined  c o n t ro l  of th e  te n n is  
b a l l .  Once c o n ta c t  ( c o n t ro l )  was made the  d e c i s io n  reg a rd in g  the  a c t io n  
to  perform (o f fe n s iv e  or d e fen s iv e )  was coded as a 1 fo r  an a p p ro p r ia te  
d e c i s io n  (a s t ro n g  d e c i s io n )  and a 0 fo r  an In a p p ro p r ia te  d e s c l s io n  (a 
weak d e c i s io n ) .  The ex ecu tion  of an a c t io n  was coded as t o  whether or 
no t the  p a ly e r  executed the  d e c is io n  s u c c e s s f u l ly .  E r ro rs  were coded as 
an u n su ccess fu l  e x e c u tio n .  D ecis ion  r u l e s  were developed fo r  each 
c a te g o ry  by agreement among 3 e x p e r t s  (see Appendix Game S k i l l s ) .
The t o t a l  number of s u c c e s s fu l  c o n t ro l s  of th e  t e n n i s  b a l l  was 
d iv id ed  by the  number of o p p o r tu n i t i e s  to  respond . The t o t a l  number of 
s t ro n g  d e c i s io n s  was d iv id ed  by th e  number of o p p o r tu n i t i e s  t o  respond 
in the  d e c i s io n  c a te g o ry .  Also, the  t o t a l  number o f  f o r c e f u l  ex ec u tio n s  
was d iv id ed  by th e  number of o p p o r tu n i t i e s  t o  respond . As a r e s u l t ,  
pe rcen tages  fo r  s u c c e s s fu l  c o n t r o l ,  s t ro n g  d e c i s io n ,  and f o r c e f u l l  
ex ecu tions  were determ ined fo r  each I n d iv id u a l .  The types  of e r r o r s  and 
u n fo rc e fu l  ex ec u tio n s  were a l s o  reco rd ed .
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Using four e x p e r ts  and four nov ices  10-13 years  of age , I n t e r r a t e r  
and i n t r a c a t e r  r e l i a b i l i t y  was e s t a b l i s h e d  among e x p e r t  judges fo r  a l l  
c a t e g o r ie s  of the  coding Instrum ent and ranged from .82 to  1.00 (see 
Appendix- Game S k i l l s ) .
Testing
The measurement in s tru m en ts  d e sc r ib e d  p re v io u s ly  were a d m in is te re d  
to  a l l  s u b je c t s  a t  each camp s e s s io n :  the  t e n n is  knowledge t e s t ,  the  
serve  s k i l l  t e s t ,  the  g roundstroke  s k i l l  t e s t ,  and the o b s e rv a t io n a l  
in s trum en t.  The p ap e r -an d -p e n c l l  m u l t ip le  choice knowledge t e s t  was 
adm in is te red  p r io r  to  the  o the r  t e s t s  the  f i r s t  day of each camp s e s s io n  
or r e c r e a t io n  program. A ll s u b je c t s  were ad m in is te red  th e  t e s t  In 
meeting rooms, a v a i l a b l e  a t  both programs, in  a l l  s e t t i n g s ,  the  t e s t  
and sc o re s h e e t  were exp la ined  p r io r  to  t e s t i n g .  Each s u b je c t  read and 
answered the  q u e s t io n s .  There was no time l i m i t .  The experim enter  was 
a v a i l a b l e  a t  a l l  times to  answer any q u e s t io n s  while the  t e s t  was 
a d m in is te re d .  The pe rcen tage  of c o r r e c t  s c o re s  was used In th e  
a n a ly se s .  S k i l l  t e s t i n g  was ad m in is te re d  by th e  experim enter  (an 
e x p e r t )  on a r e g u la t io n  t e n n is  c o u r t  t o  each In d iv id u a l  In sm all  groups 
of 3 to  4 s u b je c t s .  T o ta l  s c o re s  fo r  the  20 g roundstroke  t r i a l s  and 20 
se rv e  t r i a l s  were used in  th e  a n a ly se s .  The g roundstroke  s k i l l  t e s t  was 
ad m in is te re d  p r i o r  to  th e  se rve  s k i l l  t e s t  w ith  ample p r a c t i c e  and r e s t  
p e r io d s  between each t e s t .
Game p la y  was v ideo taped  by th e  experim enter  fo r  a l l  s u b j e c t s .  The 
f i lm in g  was done from o f f  c o u r t  and th e re  were no s p e c t a t o r s .  S ub jec ts  
were f a m i l i a r i z e d  w ith  f i lm in g  p r io r  to  th e  a c tu a l  ta p in g  used fo r  th e  
experim en t.  A ll games were v ideo taped  using  a Panasonic  v ideo  reco rd e r  
(model NV-8200) and a Panasonic c o lo r  v ideo  camera (model WV-39900B).
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Sound was a l s o  reco rd ed .  All p la y e rs  were t o l d  th ey  were going to  p lay  
a s e t  of t e n n i s  a l though  f i lm in g  ended a f t e r  6 games were completed. 
P lay e rs  went through t h e i r  t r a d i t i o n a l  match warm-up u n t i l  both p la y e rs  
agreed they  were ready .  The only  ex ce p tio n  to  r e g u la t io n  p lay  was 
e l im in a t io n  of changing s id e s  a f t e r  every  f i r s t  and odd game ( fo r  
reco rd in g  p u rp o se s ) .  Regular s c o r in g  was used . For a n a l y s i s ,  coding 
was done w ithout the  c o d e rs '  knowledge of the  p la y e r s  e x p e r t i s e  le v e l  or 
a g e .
R esu l ts  and D iscussion  
Knowledge. Serve, and Groundstroke S k i l l
In order to  determ ine which f a c to r s  d is c r im in a te  ex p e r ts  from 
n o v ices ,  a 2 x 2 (Age x E x p e r t is e )  MANOVA was performed on the  s c o re s  of 
the  knowledge t e s t  and both s k i l l  t e s t s .  The r e s u l t s  of th e  MANOVA 
in d ic a te d  s i g n i f i c a n t  e f f e c t s  fo r  e x p e r t i s e ,  £ (1 ,34)  = 31.79, p. < .01, 
w ith no s i g n i f i c a n t  age, £ (3 ,34 )  = 0 .21 ,  p  > .05 , or i n t e r a c t i o n ,  E(3 ,34)
= 0 .46 , p > .05 , e f f e c t s .  The main e f f e c t  of e x p e r t i s e  was followed up
by a s tepw ise  d is c r im in a n t  a n a ly s i s  w ith  a lpha  fo r  e n te r in g  v a r ia b le s  
s e t  a t  .05 . On u n iv a r i a t e  t e s t s  a l l  v a r i a b le s  s i g n i f i c a n t l y  
d is c r im in a te d  between e x p e r t s  and n o v ic e s .  The g roundstroke  t e s t  
accounted fo r  61% of th e  v a r ia n c e ,  followed by th e  se rv e  t e s t ,  58% of 
the  v a r ia n c e ,  and th e  knowledge t e s t ,  34% of th e  v a r ia n c e .  Also, th e  
c o r r e l a t i o n  (£  -  40) of the  v a r ia b le s  was .76 between th e  groundstroke 
and th e  se rve  t e s t ,  .61 between th e  knowledge t e s t  and groundstroke 
t e s t ,  and .43 between th e  knowledge t e s t  and se rve  t e s t .  The 
d is c r im in a n t  a n a ly s i s  fo r  e x p e r t i s e  rev ea led  th e  g roundstroke  t e s t  was 
s tepped  in f i r s t ,  E ( l , 38) = 60.96, p  < .01 , followed by th e  se rv e  t e s t ,
E(2 ,37) = 7 .81 , p  <.01. The knowledge t e s t  was not s i g n i f i c a n t ,  E (3 ,36)
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= 2.57,  ft >.05,  a f t e r  the  two s k i l l  v a r i a b l e s  were e n t e r e d .  The 
combination of  the  two s k i l l  t e s t s  accounted  fo r  79% of th e  v a r i a n c e .  
O v e ra l l ,  e x p e r t s  were found to  posse ss  more t e n n i s  knowledge and s k i l l  
r e g a r d l e s s  of age.  The means and s tandard  d e v i a t i o n s  fo r  the  knowledge, 
g rounds t roke ,  and se rve  t e s t s  fo r  e x p e r t s  and nov ices  a r e  p resen ted  in  
t a b l e  2. Although the  groundstroke and se rve  t e s t  were the  major 
f a c t o r s  d i s c r i m i n a t i n g  e x p e r t i s e ,  the  e x p e r t s '  knowledge s c o re s  (ft = 
65 .7 ,  s. = 10.9)  were s i g n i f i c a n t l y  b e t t e r  than the  nov ices '  (11 = 47.4 ,  S. 
= 1 5 .2 ) ,  £1(1, 36 ) = 68.72,  ft <.01.
I n s e r t  Table 2 about  here
As p r e d ic te d  ex p e r t s  performed b e t t e r  than novices  on a l l  
performance t e s t s  r e g a r d l e s s  of age .  The c h a r a c t e r i s t i c s  of  e x p e r t i s e  
inc ludes  a h igher l e v e l  of both  c o g n i t iv e  and motor s k i l l  as  ex p e r t s  
e x h i b i t e d  more d e c l a r a t i v e  t e n n i s  knowledge ( i . e . ,  f a c t u a l  Informat ion  
about  the r u l e s ,  s c o r in g ,  s t r o k e  p roduc t ion ,  e t c ,  in the  game of s i n g l e s  
t e n n i s )  and demonstrated  h igher  l e v e l s  of  t e n n i s  s k i l l  r e g a r d l e s s  of 
age.  S k i l l  produced the  most d ram at ic  e x p e r t /n o v ic e  d i f f e r e n c e s  
fol lowed by knowledge ( i . e . ,  d e c l a r a t i v e ) .  These r e s u l t s  adhere to  the  
p r e d i c t i o n s  t h a t  d e c l a r a t i v e  knowledge deve lops  p r i o r  t o  procedura l  
knowledge ( e . g . ,  Chi & Cecl ,  1987).  These f in d in g s  were I n c o n s i s t e n t  
with  the  f in d in g s  of  French and Thomas (1987); however, e x p e r t i s e  l e v e l s  
were fo rmula ted  on the  b a s i s  of coaches r a t i n g s  where as  e x p e r t i s e  
l e v e l s  in t h i s  s tudy  were fo rmula ted  on the  b a s i s  of  s k i l l .  Also,
Thomas and French (1987) noted  t h e i r  knowledge t e s t  a s s e s se d  more
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procedu ra l  r a t h e r  than d e c l a r a t i v e  knowledge which nay e x p la in  why they  
found more d ram at ic  e x p e r t /n o v ic e  knowledge t e s t  d i f f e r e n c e s .
Components of Game Plav
To de termine  t h a t  c o g n i t io n  p lays  a r o l e  in  the  game of t e n n i s ,  the  
r e l a t i o n  between the components of performance and age and e x p e r t i s e  
were examined. Two s e p a r a t e  2 x 2  (Age x E x p e r t i s e )  MANOVAs were 
performed.  The component c a t e g o r i e s  of the  percen tage  of c o r r e c t  
( s t rong  s t r a t e g i c )  d e c i s i o n s  and the percen tage  of  s u c c e s s fu l  
( s u c c e s s fu l  and fo rc ing )  execu t ions  were used as dependent  v a r i a b l e s  to 
examine s e r v i c e  p lay .  To examine game p lay  fo l lowing the  s e r v e ,  the  
component c a t e g o r i e s  of the percentage of s u c c e s s f u l  c o n t r o l s ,  c o r r e c t  
d e c i s i o n s  ( s t r o n g  s t r a t e g i c ) ,  and s u c c e s s fu l  execu t ions  ( s u c c e s s fu l  and 
fo rc in g )  were used as dependent v a r i a b l e s  examining game p la y  fo l lowing 
the se rve .
The r e s u l t s  of the  MANOVA for  s e r v i c e  p la y  i n d ic a te d  s i g n i f i c a n t  
e f f e c t s  for  e x p e r t i s e ,  £ (2 ,35)  = 39.34,  ft < .01,  with  no s i g n i f i c a n t  
age,  £ (2 ,35)  = 1 .42 ,  ft >.05,  or i n t e r a c t i o n ,  £12,35) = 0 .76 ,  ft >.05,  
e f f e c t s .  The main e f f e c t  of e x p e r t i s e  was fol lowed up by a s tepwise  
d i s c r i m in a n t  a n a l y s i s  (ft = .05 ) .  In u n i v a r i a t e  t e s t s  both  v a r i a b l e s  
s i g n i f i c a n t l y  d i s c r i m in a t e d  between e x p e r t s  and nov ices .  The d e c i s i o n  
component accounted  f o r  63% of the  v a r i a n c e ,  fol lowed by the  e x ec u t io n  
component account ing  fo r  52% of the v a r i a n c e .  Also,  the  c o r r e l a t i o n  (H.
= 40) between th e  v a r i a b l e s  was .74.  The a n a l y s i s  fo r  e x p e r t i s e  
rev ea led  the  d e c i s i o n  component was stepped  in  f i r s t ,  £ (1 ,38 )  = 65 .82 ,  ft 
<.01,  fol lowed by the  execu t ion  component, £ (2 ,37 )  -  4 .36 ,  ft <.05.  The 
combination of  both components accounted fo r  74% of the  v a r i a n c e .  
O v e ra l l ,  d e c i s i o n  making a b i l i t y  was t h e  pr imary f a c t o r  d i s c r i m i n a t i n g
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s e r v i c e  p lay  r e g a r d l e s s  of age as  c h i l d  e x p e r t s  (H = 89% c o r r e c t ,  S. = 
11%) made b e t t e r  d e c i s i o n s  than  d id  novices (E = 41% c o r r e c t ,  £  = 24%). 
Also,  c h i l d  e x p e r t s  were s i g n i f i c a n t l y  more fo rc in g  (H = 51%, £  = 21%) 
in  terms of s u c c e s s f u l  s e r v i c e  performance compared t o  novices  (M, = 15%, 
£ = 14%).
The r e s u l t s  of t h e  MANOVA for  game p la y  In d ica ted  s i g n i f i c a n t  
e f f e c t s  for  age,  E (3,34)= 5.16,  p  < .01,  and e x p e r t i s e ,  E(3,34)  = 26.53,  
£  <.01,  with  no I n t e r a c t i o n ,  E(2,35)  = 0 .76 ,  p  >.05,  e f f e c t s .  The main 
e f f e c t  of age and e x p e r t i s e  were followed up by a s tepw ise  d i s c r i m in a n t  
a n a l y s i s  (p = .0 5 ) .  In the d i s c r im in a n t  a n a l y s i s  for  age,  no v a r i a b l e s  
were en te red  even though the l i n e a r  composite was s i g n i f i c a n t .  In the 
u n i v a r i a t e  a n a l y s i s  fo r  e x p e r t i s e  the  d e c i s i o n  component accounted fo r  
69% of the v a r ia n ce .  Also, the c o r r e l a t i o n  (E = 40) of the v a r i a b l e s  
were .76 between d e c i s i o n s  and e xec u t ion ,  .13 between d e c i s i o n s  and 
c o n t r o l ,  and .44 c o n t r o l  and e x ec u t io n .  The d i s c r i m i n a n t  a n a l y s i s  for  
e x p e r t i s e  r e v ea led  the  d e c i s i o n  component was s tepped in f i r s t ,  E ( l , 38)
= 83 .74,  p  <.01.  Contro l  and execu t ion  were not  e n t e r e d .  O v e ra l l ,  
d e c i s i o n  making a b i l i t y  was the  pr imary f a c t o r  d i s c r i m i n a t i n g  game p lay  
r e g a r d l e s s  of  age as c h i l d  e x p e r t s  (E= 84% c o r r e c t ,  £  = 15%) made b e t t e r  
d e c i s i o n s  than  d id  novices  (H= 41% c o r r e c t ,  £  = 16%). Child  ex p e r t s  (tl 
= 85%, £  = 29%) were s i m i l a r  in terms o f  c o n t r o l  compared t o  novices  (tt 
= 82%, £  == 15%). Following a t r e n d  s i m i l a r  t o  the performance component 
of d e c i s i o n ,  the  component of  e xec u t ion  e x h i b i t e d  e x p e r t s  (tl = 52% 
s u c c e s s f u l  and f o r c i n g ,  £  = 14%) had h ighe r  pe rcen tages  of  s u c c e s fu l  
e x e c u t io n s  than  novices (& = 25% s u c c e s s f u l  and f o r c i n g ,  £  = 17%). 
During game p l a y ,  th e  d e c i s i o n  making a b i l i t y  (p rocedura l  knowledge) was 
g r e a t e r  fo r  e x p e r t s  than  novices  r e g a r d l e s s  of  age.  As noted ,  both
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co g n i t io n  and s k i l l  were s i g n i f i c a n t  d i s c r i m i n a t o r s  of e x p e r t /n o v ic e  
d i f f e r e n c e s .
Knowledge. S k i l l s ,  and Game Performance
A canon ica l  c o r r e l a t i o n  was performed to  examine the  v a r i a b l e s  of 
knowledge and s k i l l  and th e  v a r i a b l e s  of  the  se rve  components of 
performance (d ec i s io n  and e x e c u t io n ) .  The a n a l y s i s  revea led  one 
s i g n i f i c a n t  fu n c t i o n .  The canonica l  c o r r e l a t i o n  for  serve  was .70 ,  E(4,  
72) = 7.60 ,  p < .01.  The canonica l  c o r r e l a t i o n  to  examine the v a r i a b l e s  
of knowledge and s k i l l  and the  v a r i a b l e s  of the  game p la y  components of 
performance ( c o n t r o l ,  d e c i s i o n ,  and execu t ion)  a l s o  revea led  one 
s i g n i f i c a n t  f u n c t io n .  The canonica l  c o r r e l a t i o n  fo r  game p lay  was .79 ,  
E(6 , 70) = 7.58,  p < .01.  The s t a n d a rd i z e d  canon ica l  c o e f f l c e n t s  for  
each s i g n i f i c a n t  func t ion  for  serve  and game p lay  a re  p resen ted  In 
Table 3. The r e s u l t s  of the canon ica l  c o r r e l a t i o n s  sugges t  fo r  the 
se rve  p la y  both knowledge and s k i l l  have an Impor tant  r e l a t i o n  to  
d e c i s i o n  about  where and how to  s e rv e ,  but  not  to  the  execu t ion  of  the 
s e rv e .  However, dur ing  game p lay ,  knowledge and grounds trokes  a r e  
s i g n i f i c a n t l y  r e l a t e d  to  both d e c i s i o n s  and exec u t ion .
I n s e r t  Table 3 about  here
To examine the  a b i l i t y  of  the  t e s t s  (knowledge, s e r v e ,  and 
grounds troke)  to  p r e d i c t  each component of performance dur ing  th e  serve  
and game p la y ,  m u l t ip l e  r e g r e s s i o n s  were conducted.  Serve s k i l l  and 
t e n n i s  knowledge were used t o  p r e d i c t  th e  d e c i s i o n  and execu t ion  
components of performance dur ing  se rve  p lay .  The r e g r e s s io n s  e x h i b i t e d
18
a s i g n i f i c a n t  r e l a t i o n  for  both measures:  d e c i s i o n ,  E(2 ,37) = 17,64,  & 
<.01,  R2 = 48%, and execu t ion ,  F(2 ,37)  = 7 .88 ,  £  < .01,  R2 = 30%. The 
s t a n d a rd i z e d  r e g r e s s io n  c o e f f i c i e n t s ,  p a r t i a l  c o r r e l a t i o n s ,  and 
s e m i p a r t i a l  c o r r e l a t i o n s  for  each component of performance and the  t e s t s  
a r e  p resen ted  in Table 4. The s t a n d a rd i z e d  r e g r e s s io n  c o e f f i c i e n t  
demonstrated serve  s k i l l  as  the  s t r o n g e s t  p r e d i c t o r  of dec ision-making 
a b i l i t y  dur ing  s e rv ic e  p lay ;  a l s o ,  the  se rve  t e s t  had the  l a r g e s t  
s tan d a rd ized  r e g r e s s io n  c o e f f i c i e n t  fo r  execu t ion  as expec ted .  However, 
when the  e f f e c t s  of the s e rv ic e  t e s t  were p a r t l a l e d  o u t ,  the r e l a t i o n  of 
the  knowledge t e s t  with  d e c i s io n  making in c re a s e d .  The r e s u l t s  may be 
due,  in p a r t ,  to  the knowledge t e s t  being predominantly a measure of 
f a c t u a l  ( d e c l a r a t i v e )  knowledge which Is p r e d i c t e d  to  deve lop f i r s t  In 
novice p l a y e r s .  Also,  the serve s k i l l  t e s t  was a measure of the a b i l i t y  
to  p lace  the b a l l  deep and in the  c o r n e r s ,  a necessa ry  s k i l l  r e q u i re d  
fo r  a f o r c e f u l l  s e r v i c e  execu t ion .
When the  grounds trokes  and knowledge t e s t s  were used to  p r e d i c t  
game p l a y ,  s i g n i f i c a n t  e f f e c t s  were found for  d e c i s i o n ,  £(2 ,  37) =
26.02,  p. < .01 ,  R2 = 59%, and exec u t ion ,  E(2,  37) = 19 .18,  p  < .01, R2 
= 52%, but  not  for  c o n t r o l ,  £ (2 ,  37) = 0 .87 ,  p  > .05.  The s tan d a rd ized  
r e g r e s s io n  c o e f f i c i e n t s ,  p a r t i a l ,  and s e m i p a r t i a l  c o r r e l a t i o n s  for  
dec l son  and execu t ion  components of  performance a r e  p r e s en te d  in  Table 
5. Again, th e  s k i l l  t e s t  (groundstroke)  had the  l a r g e s t  r e g r e s s io n  
c o e f f i c i e n t  for  d e c i s i o n  and e x e c u t io n .  When the  g rounds troke  t e s t  
e f f e c t s  are p a r t l a l e d  o u t ,  the  knowledge t e s t  In c reas e s  In i t s  r e l a t i o n  
with  d e c i s i o n  making a b i l i t y .  The g rounds troke  s k i l l  t e s t  was based on 
the  a b i l i t y  t o  d i r e c t  and p lace  th e  b a l l  deep ,  a necessa ry  s k i l l  
r e q u i r e d  for  f o r c e f u l  execu t ions  dur ing  game p la y .  O v e ra l l ,  those
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making b e t t e r  d e c i s i o n s  du r ing  game p la y  had a g r e a t e r  a b i l i t y  to  d i r e c t  
the  b a l l  and made more fo rc in g  d e c i s i o n s .
I n s e r t  Tables 4 and 5 about  here
O v e ra l l ,  th e se  r e s u l t s  sugges t  d e c l a r a t i v e  and procedura l  knowledge 
as  well  as  motor s k i l l  develop with e x p e r t i s e .  Exper ts  r e g a r d l e s s  of 
age performed b e t t e r  than  nov ices  on Ins truments  des igned to  a s s e s s  
t e n n i s  s k i l l  and d e c l a r a t i v e  t e n n i s  knowledqe and Ins truments  des igned 
to  a s s e s s  d e c i s i o n  and execu t ion  (procedures  and a c t i o n s )  dur ing  a c t u a l  
t e n n i s  game performance.  The development of d e c l a r a t i v e  knowledge Is 
r e l a t e d  to  the development of p rocedura l  knowledqe as ev idenced .  Serve 
and grounds troke  s k i l l  a r e  r e l a t e d  to  the motor execu t ion  components of 
performance.  Also,  a l l  c h i l d r e n  had an adequate l e v e l  of  3k i l l  
necessa ry  to  ge t  to  the  b a l l  a s  the  motor component of c o n t r o l  was not  a 
d i s c r i m i n a t o r  in  age or  e x p e r t i s e  l e v e l s  (most s u b j e c t s  gained c o n t ro l  
on mo3t  o c c a s s lo n s ) .  Although d e c l a r a t i v e  knowledge as  a s s e s se d  by the 
knowledge t e s t  d i s c r i m in a t e d  in  terms of e x p e r t i s e ,  i t  d id  not produce 
as  d ram a t ic  r e s u l t s  as  p rocedu ra l  knowledqe (dec islon-mak lnq  a b i l i t y )  
dur ing  game p la y .  This  adhere s  t o  the  p r e d i c t i o n s  t h a t  d e c l a r a t i v e  
knowledge develops  f i r s t  fo l lowed by procedura l  knowledge (Anderson, 
1983; Chi & Ceci ,  1987).  This t r e n d  i s  e v id en t  in  the r e s u l t s  which 
sugges t  t h a t  novices  a r e  deve lop ing  a base of f a c t u a l  t e n n i s  knowledge 
(a l though l e s s  than  e x p e r t s )  bu t  in  game s i t u a t i o n s  novices  lack 
d e c i s i o n  making a b i l i t y  ( i . e . ,  p rocedu ra l  knowledge) when c o n t ra s t e d  
with  e x p e r t s .  The nex t  s t e p  in  t h i s  I n v e s t i g a t i o n  was t o  examine the
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development of  p rocedura l  knowledge as  dec is ion-making  a b l l t i y  dur ing  
game p lay  i s  p r e d ic te d  to  be r e l a t e d  to  d i f f e r e n c e s  in  knowledge 
s t r u c t u r e .
Phase 2
Phase 1 examined the  r o l e  t h a t  c o q n l t l v e  d e c i s i o n  makinq played in 
t e n n i s  performance .  As p r e d ic te d  in  Phase 1, t e n n i s  e x p e r t s ,  r e g a r d l e s s  
of aqe,  made b e t t e r  d e c i s i o n s  in the  co n te x t  of a qame s i t u a t i o n .  Phase 
2 examined how t e n n i s  knowledge f a c i l i t a t e d  the  e x p e r t  t e n n i s  p l a y e r s '  
c o g n i t iv e  dec is ion-making  a b i l i t y  du r ing  game p lay .  S p e c i f l c a l l y ,  the 
knowledge s t r u c t u r e  of a problem or a s p o r t  s i t u a t i o n  may a f f e c t  the  
q u a l i t y  of d e c i s i o n s  made In the con tex t  of a game s i t u a t i o n .  O v e ra l l ,  
d i f f e r e n c e s  were I n v e s t i g a t e d ,  f i r s t ,  in terms of  an I n d i v i d u a l ' s  
c u r r e n t  s t a t u s  of t e n n i s  knowledge ( i . e . ,  i t s  s t r u c t u r e )  and second,  how 
t h i s  knowledge was a pp l ied  dur ing  a c t u a l  game p la y .  B e t t e r  d e c i s i o n s  In 
the co n te x t  of  a qame s i t u a t i o n  were p r e d ic t e d  to  r e s u l t  from the 
s t r u c t u r e  of  the  e x p e r t  p l a y e r s '  t e n n i s  knowledge ( I . e . ,  a more 
developed p roduc t ion  system).
The knowledqe s t r u c t u r e  of s p o r t ,  so f a r ,  has been o p e r a t i o n a l l y  
de f ined  to  inc lude  knowledqe of the  qame's qoal  s t r u c t u r e  ( e . q . ,  means 
by which a qame I s  won, u s u a l l y  h i e a r c h l a l l y  o rqanlzed)  combined with  
knowledge of  r e l a t e d  game a c t i o n s  In terms of  the  games goal  s t r u c u r e  
( i . e . ,  knowledge of  r e l a t i o n  of a c t i o n s  t o  g o a l s ) .  Knowledge s t r u c t u r e
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a l s o  inc ludes  p a t t e r n s  or r u l e s  fo r  g e n e ra t in g  p a t t e r n s  of  a c t i o n s  to  
produce qoal  r e l a t e d  chanqes in the  c on tex t  of  a game s i t u a t i o n  (Chle sl  
e t  a l . ,  1975; S p l l i c h  e t  a l . ,  1979).
Exper t s  with q r e a t e r  deci slon-mak lnq  a b i l i t y  a r e  expected t o  
o rganize  knowledge a t  a more a b s t r a c t  l e v e l  c o n s i s t i n g  of  h ig h ly
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s t r u c t u r e d  o f f e n s iv e  and de fens ive  s t r a t e g i c  concep ts .  These s t r a t e q i c  
concep ts  a r e  c o n d i t i o n s  t h a t  s p e c i f y  when t o  app ly  the  a c t i o n  or  
p a t t e r n s  of a c t i o n s  t o  achieve  the  g o a l .  As a r e s u l t ,  e x p e r t s  a re  
expected  t o  e x h i b i t  a g r e a t e r  number of c once p ts ,  more i n t e r c o n n e c t io n s  
among c once p ts ,  and more and /o r  a l t e r n a t i v e  r u l e s  concern ing  how to  
perform a c t i o n ( s )  in reponse t o  a s p e c i f i c  s i t u a t i o n  (Chase & Simon, 
1973; Chi ,  1978; Chi & Koeske, 1983; Chle sl  e t  a l . ,  1979; Gobbo & Chi, 
1986; Murphy & Wright ,  1984; S p l l i c h  e t  a l . ,  1979).
The I n t e r p l a y  of knowledge and s k i l l  in s p o r t  performance may not 
only  r e q u i r e  p roduc t ion  r u l e s  used to  model mental o p e ra t io n s  or 
p ro c e s s e s ,  but  a l s o  p roduc t ion  r u l e s  used to  model p h y s ica l  a c t i o n s  (Chi 
d£ Rees,  1983; French £ Thomas, 1987).  These g e n e ra l i z e d  p a i r i n g s  of  a 
c o n d i t i o n  and a c t i o n  s id e  may r e f l e c t  Increased  I n t e r a c t i o n s  of s p o r t  
s p e c i f i c  c o g n i t i v e  and motor s k i l l s  with  the development of e x p e r t i s e .
As a r e s u l t ,  due t o  the  na tu re  of  the  domain of  s p o r t ,  p roduc t ions  may 
not  only  r e f e r  t o  t h e  d e c i s i o n s  concerning the  a p p r o p r i a t e  a c t i o n  in the  
c o n tex t  of a game s i t u a t i o n  ( " i f  - then")  but  a l s o ,  the  a b i l i t y  to  
execute  the  complex s p o r t  s k i l l  ( "do") .  The development of e x p e r t i s e  
may r e f l e c t  d i f f e r e n c e s  In the  p l a y e r s '  a b i l i t y  t o  s e l e c t  the  
a p p r o p r i a t e  a c t i o n  (c o n d l t l o n - a c t I o n  s i d e )  and the  a b i l i t y  t o  execute 
what they  have planned t o  do ( execu t ion  of  th e  a c t i o n ) .  Exper ts  with  a 
h igh  l e v e l  of s k i l l  and knowledge were expec ted  to  e x h i b i t  more 
agreements in terms of  what th e y  Intended to  do ( a c t i o n  s e l e c t e d )  and 
t h e i r  a b i l i t y  or s k i l l  t o  execute  t h e i r  i n t e n t i o n  ( a c t i o n ) .
For purposes of  t h i s  r e s e a r c h  the  knowledge s t r u c t u r e  of  t e n n i s  
Inc ludes :  (a) ex ec u t iv e  or h igher  o rder  goal  concep ts  embedded In a l l  
a c t i o n s  in  the  s p e c i f i c  s p o r t  ( the  game of s i n g l e s  t e n n i s )  which Is
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u s u a l l y  h i e r a r c h i c a l l y  organ ized  r e f l e c t i n g  the  games goal  s t r u c t u r e ,
(b) c o n d i t io n  concepts  r e f l e c t i n g  s i t u a t i o n s  ( e . g . ,  " i f " )  t h a t  s p e c i f y  
when t o  app ly  the  a c t i o n  or  p a t t e r n  of a c t i o n s  t o  achieve  the  g o a l ,  and 
f i n a l l y ,  (c) a c t i o n  concepts  r e f l e c t i n g  the  a c t i o n  s id e s  ( p a t t e r n s  or 
r u l e s  for  g e n e ra t in g  p a t t e r n s )  of the  p roduc t ion  system ( e . g . ,  " th e n ” ) 
to  produce goal  r e l a t e d  changes in the  co n te x t  of  a game s i t u a t i o n .  
Actions may r e f l e c t  d e c i s i o n s  concern ing a p p r o p r i a t e  a c t i o n s  in the 
c o n tex t  of a game s i t u a t i o n  and/or  the  motor s k i l l  necessa ry  to  execute 
the a p p r o p r i a t e  a c t i o n ,  as a r e s u l t ,  c o n d i t io n  concepts  and a c t i o n  
concepts  combined may r e f l e c t  the  " i f - t h e n - d o "  production  systems s t o r e d  
in s p o r t  s p e c i f i c  knowledge domains.  That i s ,  i f  an opponent has a weak 
backhand ( i f ) ,  I w i l l  s t r o k e  the forehand deep t o  h i s  backhand to  fo rce  
a weak r e t u r n  ( t h e n ) ,  and I must e f f e c t i v e l y  a d j u s t  the  parameters  of my 
forehand groundstroke to  perform t h i s  s k i l l  r e f l e c t i n g  a f o r c e f u l  ( e . g . ,  
a deep grounds troke  with to p s p ln )  execu t ion  (do) .
F i r s t  knowledge s t r u c t u r e  ( i . e . ,  i n d i v i d u a l ' s  c u r r e n t  s t a t u s  of 
t e n n i s  knowledge) was de termined .  Second, how t h i s  knowledge was 
a p p l i e d  du r ing  a c t u a l  game p lay  was examined, as  b e t t e r  d e c i s i o n s  in  th e  
co n te x t  of a game s i t u a t i o n  were p r e d i c t e d  t o  be the r e s u l t  of  the 
s t r u c t u r e  of  t h e  e x p e r t  p l a y e r s  t e n n i s  knowledge.
Method 
Subjects.
The male p l a y e r s  ((LMO) who p a r t i c i p a t e d  in  Phase 1—10-11 y e a r -o ld  
e x p e r t  t e n n i s  p la y e r s  (tt=10), 10-11 y e a r -o ld  novices  ( a s 10),  12-13 year 
o ld  e x p e r t  t e n n i s  p l a y e r s  (as 10) ,  and 12-13 year o ld  novices 
(a*10)—served  as s u b j e c t s .
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Ins t rum en ta t ion
Verbal r e p o r t s  were used to  a s s e s s  the  bases of  d e c i s i o n s  dur ing  
game p lay .  Two types  of  In te rv iew s  were employed: a s i t u a t i o n  In te rv iew  
to  a s s e s s  c u r r e n t  s t a t u s  of t e n n l3  knowledge and a p o i n t  i n t e rv ie w  t o  
a s s e s s  how t h i s  knowledge was employed du r ing  game p l a y .  Extens ive 
p i l o t  work was conducted with  t e n n i s  p l a y e r s  of  vary ing  age and 
e x p e r t i s e  p a r t i c i p a t i n g  in the  l o c a l  j u n io r  program mentioned e a r l i e r .  
M odif ica t ions  were made to  ensure o b ta in in g  ve rba l  r e p o r t s  dur ing  the  
t e s t  co n d i t io n s  were as conduslve as  p o s s i b l e  to  a c t u a l  game play.
S i t u a t i o n  I n t e r v i e w . How e x p e r t s  approached th e  problem s o lv in g  
s i t u a t i o n s  du r ing  game p la y  was examined by a s i t u a t i o n  In te rv iew .  The 
s i t u a t i o n  in t e rv ie w  c o n s i s t e d  of t h r e e  c a t e g o r i e s  of open-ended 
q u e s t i o n s .  The q u e s t i o n s  examined what p la y e r s  thought  about In 
s e r v i c e ,  backcour t ,  and ne t  game s i t u a t i o n s .  They were a s  fo l lows :
1 . What a r e  some of the  t h in g s  you th ink  about  b e fo re :
a .  you se rv e?
b.  your f i r s t  se rve?
c .  your second serve?
2. What a r e  some of the  t h i n g s  you t h i n k  about  when you a r e  behind 
the  b a s e l i n e  and:
a .  your opponent I s  behind the  b a s e l i n e ?
b.  your opponent i s  a t  the  ne t?
3. what a r e  some of the  t h i n g s  you th in k  about  when your opponent 
h i t s  a s h o r t  b a l l  and you run In to  the s e r v i c e  c o u r t  a r e a  t o  h i t  I t ?
While each q u e s t io n  was in  view and r ead  aloud by th e  exper im en te r ,  
a diagram of the  s i t u a t i o n  occur lng  on th e  t e n n i s  c o u r t  was provided .
The s u b j e c t s  were r e q u i r e d  t o  respond v e r b a l l y  t o  each q u e s t i o n ,  while
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responding ,  q u e s t i o n  probes were used to  c l a r i f y  s t a t e m e n t s .  To e l i c i t  
f u r t h e r  d e t a i l s  r e l a t i v e  to  re s p o n s es ,  or t o  e l i c i t  more re sponses ,  
s u b j e c t s  were asked ,  "anyth ing  e l s e ? "  a f t e r  each re sponse .  Only, when 
the  s u b j e c t  s t a t e d  he had no more responses  and th e  exper imenter  
prompted a g a in ,  was the  next  q u e s t i o n  asked .  There was no time 
c o n s t r a i n t  on the  s e s s i o n  or each q u e s t i o n .  The s i t u a t i o n  in t e rv ie w  was 
a d m in i s t e re d ,  fo l lowing a l l  o th e r  t e s t i n g ,  by the exper imenter  to  each 
s u b j e c t  i n d i v i d u a l l y .  The responses  of each s u b j e c t  were recorded  on 
c a s s e t t  tape  for  coding purposes.
P o in t  i n t e r v i e w . The po in t  by p o in t  in t e rv ie w  was des igned to  
a s s e s s  how knowledge was a p p l i e d  dur ing  a c t u a l  game p lay ,  s u b j e c t s  were 
I n s t r u c t e d  t o  answer "what were you th i n k in g  about  while you were 
p lay ing  t h a t  p o in t? "  between p o i n t s  d u r ing  a c t u a l  game p lay .
Considerab le p i l o t  work was done t o  ensure  t h a t  s u b j e c t s  were ques t ioned  
as  q u i c k ly  as p o s s i b l e ,  w ithout  cue ing  th e  a p p r o p r i a t e  r e sponse ,  and as 
n a t u r a l l y  as p o s s i b l e  ( e . g . ,  a pause between p o in t s  occurs  in  the  game 
of t e n n i s ) .  P r io r  t o  p la y in g ,  s u b j e c t s  were i n s t r u c t e d  t o  answer the  
q u e s t io n  upon complet ion of  the  p o i n t .  The q u e s t i o n  was on a s h e e t  of  
ty p ing  paper in  l a rg e  p r i n t .  Th is  was taped  to  the  ground in  f r o n t  of 
each of t h e  microphones which were l o c a t e d  d i r e c t l y  behind the  c e n te r  
mark of  the  t e n n i s  c o u r t  a s  c lo s e  t o  t h e  fence  a s  p o s s i b l e  on each s id e  
of  the t e n n i s  c o u r t .  All s u b j e c t s  were i n s t r u c t e d  t o  respond as  soon a s  
the p o in t  was over.  They were given no t ime c o n s t r a i n t  on t h e i r  
r e sponse .  An exce p t ion  t o  game p la y  was t h a t  p l a y e r s  were not  al lowed 
t o  change ends of  the  c o u r t  due t o  reco rd in g  t e c h n iq u e s .  The p o in t  
in t e rv ie w  was adm in is te red  t o  a l l  s u b j e c t s  d u r ing  game p la y  with  each 
p laye r  (two per  s i n g l e s  match) responding fo l lowing  each p o in t  d u r ing  4
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games of  a t e n n i s  s e t .  The p o in t  In te rv iew  was adm in is te re d  (two 
s u b j e c t s  a t  a t ime) dur ing  the v ideo tap ing  of game p lay  in  Phase 1.
Both p la y e r s  were I n s t r u c t e d  s e p a r a t e l y  ( a t  the  end of h i s  r e s p e c t iv e  
cou r t )  p r i o r  t o  f i lm in g .  The responses  of both s u b j e c t s  were ga thered  
upon the  s u b j e c t s  a r r i v a l  In the  microphone a r e a  ( i . e . ,  in most c a s e s ,  
s imul taneous ly)  a t  each end t h e i r  r e s p e c t i v e  c o u r t  between each p o in t .  
Responses were recorded  on c a s s e t t  and VHS t a p e s .  P i l o t  work in d ica te d  
performance r e l i a b i l i t y  for  d e c i s i o n  and execu t ion  was .99 and above in 
a l l  an a ly se s  for  the serve  and game p la y  (See Appendix i n t e r v i e w s ) .
Coding. An ins trum ent was designed t o  examine the  knowledge 
s t r u c t u r e  of the  p o in t  and s i t u a t i o n  in te rv iew .  Responses were examined 
in terms of:  what in fo rm at ion  was s to r e d  and,  how t h i s  in form at ion  was 
s t r u c t u r e d .  What inform ation  is  s t o r e d  was measured by the t o t a l  number 
of concep ts ,  the  t o t a l  number of d i f f e r e n t  concep ts ,  and the  q u a l i t y  of 
each concep t .  The s t r u c t u r e  of the in fo rm at ion  was measured in terms of 
the  f requency  of connec tions  between concepts  ( i . e . ,  any word t h a t  
connec ts  concepts )  and the u n i t s  ( l inkage)  of  concepts  ( e . g . ,  a goal  and 
an a c t i o n  l inked  t o g e th e r  in  one r e s p o n s e ) .
The e n t i r e  s i t u a t i o n  in t e rv ie w  and p o in t  in t e rv iew  ( i . e . ,  the  f i r s t  
4 p o in t s  of  each of the  four games coded in  Phase 1) were coded 
s i m i l a r l y .  P roduc tion  p r o to c o l s  were t r a n s c r i b e d  verba t im  and 
c l a s s i f i e d  in to  one of  the t h r e e  major concept  c a t e g o r i e s :  c o n d i t io n  
concept ,  a c t i o n  concep t ,  or goal  concept  (see Table 6 fo r  c l a s s i f i c a t i o n  
r u l e s ) .  The s t r u c t u r e  of  knowledge was examined fo r  cohes ion and 
i n t e g r a t i o n .  To examine i n t e g r a t i o n  of  the  knowledge concep ts ,  the 
number of coded responses  fo r  each ca t e g o ry  were ob ta ined  fo r  each 
in d iv id u a l  to  examine s t a t i s t i c a l l y  q u a n t i t a t i v e  d i f f e r e n c e s  in
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knowledge s t r u c t u r e .  The frequency of the t o t a l  number of  concep ts  and 
the  use of d i f f e r e n t  concepts  w i th in  each ca t e g o ry  were determined fo r  
each in d i v id u a l  (see Table 7 for  examples) .  The q u a l i t y  or l e v e l  of 
s o p h i s t i c a t i o n  of  each concept  w i th in  c a t e g o r i e s  were a l s o  a s s e s s e d .
Each i n d i v i d u a l *3 concepts  w i th in  c a t e g o r i e s  were coded in terms of the 
q u a l i t y  or c h a r a c t e r i s t i c  of the  concept  (see Table 8 fo r  q u a l i t y  coding 
r u l e s ) .
I n s e r t  Tables 6 , 7, and 8 about  here
I n t e r r a t e r  r e l i a b i l t y  of the  s i t u a t i o n  i n t e rv ie w  and the  p o in t  
in t e rv iew  was de termined by 2 e x p e r t s  c l a s s i f y i n g  responses  of  10 of  the 
40 s u b j e c t s  (5 randomly s e l e c t e d  s u b j e c t s  each for  the s i t u a t i o n  and 
p o in t  i n t e r v i e w s ) .  The coding Ins trument was cons idered  r e l i a b l e  fo r  
a l l  c a t e g o r i e s  as  I n t e r r a t e r  r e l i a b i l i t y  ranged from .93 to  1.00 while 
i n t r a r a t e r  r e l i a b i l i t y  was 1.00 f o r  a l l  c a t e g o r i e s .  The remaining 
p r o to c o l s  were scored  by one in d i v i d u a l .  For more d e t a i l s ,  see Appendix- 
P o in t  and S i t u a t i o n  In te rv iew s .
R e s u l t s  and Discuss ion
S i t u a t i o n  In te rv i e w
Tota l  and v a r i e t y  of  Concep ts . To examine how t e n n i s  knowledge was 
s t r u c t u r e d  the  t o t a l  number of re sponses  a c r o s s  a l l  s i t u a t i o n s  were 
coded for  each ca t e g o ry  of knowledge. The c a t e g o r i e s  f o r  T o ta l  Concepts 
( c o n d i t io n  concep t ,  a c t i o n  concep t ,  and goal  concept)  were ana lyzed  In a 
2 x 2  (Age x E x p e r t i s e )  MANOVA fo r  the  s i t u a t i o n  i n t e rv ie w .  The r e s u l t s  
of  the  MANOVA in d ic a te d  a s i g n i f i c a n t  e f f e c t  f o r  e x p e r t i s e ,  £ (3 ,34 )  = 
4.85 ,  p  < .01 ,  with  no s i g n i f i c a n t  age £ (3 ,3 4 )  = 1 .81 ,  p  >.05,  or
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i n t e r a c t i o n ,  E(3,34)  = 0 .43 ,  a  >.05,  e f f e c t s .  The main e f f e c t  of 
e x p e r t i s e  was fol lowed up by a s tepw ise  d l s c r i n lm a n t  a n a l y s i s  (p  = .05 ) .  
Only the  t o t a l  c o n d i t io n  concepts  d i s c r i m in a t e d  between e x p e r t s  and 
nov ices ,  E ( l , 38) = 14 .67,  p < .01, a l though  e x p e r t s  had more a c t i o n  but  
fewer goal  concepts  than  novices (see Table 9 ) .  The t o t a l  c o n d i t io n  
concept  accounted for  28% of the  v a r i a n c e .  Also,  th e  c o r r e l a t i o n  (H, = 
40) of the  v a r i a b l e s  was .68 for  the c o n d i t io n  and a c t i o n  concept  
t o t a l s ,  - .2 2  for  the  goal  and c o n d i t i o n  concep ts ,  and - .34  fo r  the  
a c t io n  and goal  concept  t o t a l s .
The V ar ie ty  of Concepts for  each c o n d i t i o n ,  a c t i o n ,  and qoal  
concept  ca teg o ry  were analyzed  In a 2 x 2 (Age x E x p e r t i s e )  MANOVA for 
the  s i t u a t i o n  In te rv i e w ,  The r e s u l t s  of the  MANOVA in d i c a t e d  a 
s i q n l f i c a n t  e f f e c t  for  e x p e r t i s e ,  £ (3 ,34)  = 6 .20 ,  p < .01,  with  no 
s i g n i f i c a n t  age,  F (3,34)  = 1.21 ,  p  >.05,  or i n t e r a c t i o n ,  E(3 ,34)  =
1.12 ,  p >.05,  e f f e c t s .  The main e f f e c t  of  e x p e r t i s e  was fol lowed up by 
a s tepwise  d l s c r i n l m a n t  a n a l y s i s  (p = .0 5 ) .  Only the  v a r i e t y  of  a c t i o n  
concepts  d i s c r i m in a t e d  between e x p e r t s  and nov ices ,  E ( l , 38) = 17.02,  p  < 
.01,  accounting  for  31% of the  v a r i a n c e ,  a l though ,  as  in  T o ta l  Concepts ,  
e x p e r t s  had more a c t i o n  but  s l i g h t l y  fever  goal  concepts  ( see  Table 9 ) .  
Also,  the  c o r r e l a t i o n  (N = 40) of  th e  v a r i a b l e s  was .61 fo r  the  v a r i e t y  
of  c o n d i t i o n  and a c t i o n  c once p ts ,  - . 1 6  fo r  th e  v a r i e t y  of qoal  and 
c o n d i t i o n  concepts  and - . 1 5  fo r  th e  v a r i e t y  of a c t i o n  and goal  concept .
O v e ra l l ,  e x p e r t s '  s p o r t - s p e c l f l c  knowledge con ta ined  more and 
v a r i e d  c o n d i t i o n s  and a c t i o n s  than  n ov ic es .  Based on th e  t o t a l s  and the  
high  c o r r e l a t i o n s  between a c t i o n s  and c o n d i t i o n s ,  e x p e r t s  seem to  
e x h i b i t  knowledge with  a more h igh ly  developed produc t ion  system 
r e g a r d l e s s  of age.
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I n s e r t  Table 9 about  here
Q u a l i ty  of Concepts . The f requency  s c o r e s  fo r  the  q u a l i t i e s  of 
each concept  ( fo r  c h a r a c t e r i s t i c s  see Table 8 ) were analyzed  t o  examine 
the  f e a t u r a l  q u a l i t i e s  of the p roduc t ions  genera ted  by the  s i t u a t i o n  
in te rv iew .  The c h a r a c t e r i s t i c s  (f requency  of occurence) of each 
c a tegory  of knowledge ( c o n d i t io n ,  a c t i o n ,  and goal concep ts )  were 
analyzed by a Kruska l-Wal l l s  t e s t  on rank sco re s  fo r  age and e x p e r t i s e  
l e v e l s .  Also,  to  examine the  In te rc o n n e c t io n s  in the  knowledge 
s t r u c t u r e ,  " u n i t "  s co res  were analyzed by the Kruska l -W al l l s  te chn ique .
The co n d i t io n  concepts  r ega rd ing  a t  l e a s t  one c o n d i t io n  (coded 2) 
o the r  than those r ega rd ing  the s u b je c t  ( e . g . ,  the o p ponen t ' s  p o s i t i o n )  
and two or more c o n d i t io n s  (coded 3) beyond those  reg a rd in g  the  s u b j e c t  
were s i g n i f i c a n t  for  l e v e l  of e x p e r t i s e .  O v e ra l l ,  c h i l d  ex p e r t s  
genera ted  more h igher  l e v e l  c o n d i t io n s  than  d id  c h i l d  novices  (see Table 
10).  Al l  age e f f e c t s  were n o n s i g n i f i c a n t .
The q u a l i t y  s co re s  of a c t io n s  ( see  Table 6 fo r  coding 
c h a r a c t e r i s t i c s )  were a l s o  n o n s i g n i f i c a n t  fo r  age e f f e c t s .  Novices 
genera ted  s i g n i f i c a n t l y  more i n a p p ro p r i a t e  a c t i o n s  than  d id  e x p e r t s .
The c o n d i t io n  q u a l i t i e s  were b o r d e r l i n e  s i g n i f i c a n t ,  p< .07,  fo r  the  
f requency of a p p r o p r i a t e  a c t i o n s  ( i . e . ,  an a c t i o n  s e l e c t e d  w i thou t  any 
f o r c e f u l  q u a l i t i e s ,  coded as  1 in  Table 10).  As Table 10 i n d i c a t e s ,  
e x p e r t s  gene ra ted  more f o r c e f u l  a c t i o n s  ( s e l e c t i o n  of  an a p p r o p r i a t e  
a c t i o n  with  a t  l e a s t  one f o r c e f u l  q u a l i t y ,  coded 2 ) .  O v e ra l l ,  e x p e r t s  
genera ted  more a p p r o p r i a t e  and more f o r c e f u l  a c t i o n s  than  d id  novices
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(see Table 10).  Thus, ex p e r t s  were more s o p h i s t i c a t e d  or e l a b o r a t e  than  
novices  in  knowing when or under what c o n d i t i o n s  t o  apply  th e  a c t i o n s  or 
p a t t e r n s  of  a c t i o n s .
Frequency s c o re s  for  th e  q u a l i t i e s  of  goal  concepts  were not  
s i g n i f i c a n t  for  age or e x p e r t i s e  l e v e l s  with  the  excep t ion  of goal  
concepts  p e r t a i n i n g  t o  the  s u b j e c t  and opponent .  Novices produced 
s i g n i f i c a n t l y  more goal  concep ts ,  coded 1, ( see  Table 8 for  coding 
r u l e s )  than  d id  e x p e r t s  (see Table 13) .  As a r e s u l t ,  novices  appear t o  
be s t r u c t u r i n g  t h e i r  procedures  in the lower l e v e l  h ie ra r c h y  of  goa l s  
inhe ren t  in the  game.
Linkages . Another way t o  examine the  development of p rocedu ra l  
knowledge i s  to  cons ide r  the  e x t e n t  of  l inkages  gene ra ted  between and 
w ith in  c a t e g o r i c a l  concep ts .  The t o t a l  number of s i n g l e  u n i t s  ( e . g . ,  a 
response deno t ing  only  a s i n g l e  a c t i o n  concept)  was not  s i g n i f i c a n t  for  
age or e x p e r t i s e  based on the  K ruska l -W al l i s  s t a t i s t i c .  However, 
s i g n i f i c a n t  d i f f e r e n c e s  in e x p e r t i s e  were denoted (see Table 11) as  
ex p e r t s  genera ted  more double l inkage  c a t e g o r i e s  ( e . g . ,  a response 
deno t ing  one c o n d i t io n  and two a c t i o n s  or a response c o n ta in in g  one 
a c t i o n  and two g o a l s ) .  Also,  e x p e r t s  gene ra ted  s i g n i f i c a n t l y  more 
t r i p l e  and /o r  g r e a t e r  l in k ag es  ( e . g . ,  r esponses  deno t ing  a t  l e a s t  two 
concept  c a t e g o r i e s  and a t  l e a s t  one o th e r  c o n c e p t ) .  O v e ra l l ,  e x p e r t s  
produced more s o p h i s t i c a t e d  l inkages  w i th in  and a c ro s s  concept  
c a t e g o r i e s  in  terms of  double and t r i p l e  l in k ag es  than  n ov ic es .
Connec t ions . The frequency s c o re s  of the  number of 
I n t e r c o n n e c t i o n s  between concepts  were not  s i g n i f i c a n t l y  d i f f e r e n t  
between age or e x p e r t i s e  l e v e l s  a s  analyzed  by the  Kruskal -Wal lace t e s t .
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However, c h i ld  e x p e r t s  d id  In d ic a te  more in t e r c o n n e c t io n s  between 
concepts  than  novices  (see Table 11).
I n s e r t  Table 11 about  here
Poin t  In te rv iew
The a n a l y s i s  of the  po in t  in t e rv ie w  examined how an i n d i v i d u a l ' s  
knowledge s t r u c t u r e  was app l ied  du r ing  a c t u a l  game p lay .  The same 
ana ly se s  o u t l in e d  for  the s i t u a t i o n  In te rv i e w  were a l s o  conducted 
examining the  p o in t  in t e rv iew ,  with  the  a d d i t i o n  o f :  (a)  examination of 
o the r  comments c l a s s i f i e d  as r e a c t i v e ,  l i t e r a l ,  no t  t h i n k in g ,  or 
c o n c e n t r a t i n g ,  and (b) the i n t e r a c t i o n  of a s t ro n g  d e c i s i o n  ( the  a c t i o n  
s e l e c t e d )  and the  a b i l i t y  to  execute  t h i s  a c t i o n  dur ing  game p lay .
T o ta l  and Var ley of  Concep ts , in  o rder  t o  de te rmine which f a c t o r s  
d i s c r i m i n a t e  e x p e r t s  from novices  d u r ing  game p la y ,  a 2 x 2 (Age x 
E x p e r t i s e )  MANOVA was performed on the  t o t a l  number of  concep ts  fo r  the 
c a t e g o r i e s  of c o n d i t i o n ,  a c t i o n ,  and g o a l .  The r e s u l t s  of the  MANOVA 
In d ic a te d  no s i g n i f i c a n t  e f f e c t s  fo r  age ,  £ (3 ,34 )  = 0 .36 ,  p  > .05,  
e x p e r t i s e  £ (3 ,34 )  = 2.03,  & >.05,  or  i n t e r a c t i o n ,  £ (3 ,3 4 )  -  0 .36 ,  p  
>.05,  e f f e c t s ,  a l though  e x p e r t s  had more t o t a l  c o n d i t i o n  and a c t i o n  
concepts  (see Table 9) than  nov ices .  However, the  r e s u l t s  of  the  MANOVA 
fo r  the  v a r i e t y  of  concepts  in d i c a t e d  s i g n i f i c a n t  e f f e c t s  fo r  e x p e r t i s e ,  
£ (3 ,34 )  = 5 .98 ,  p  < .01 ,  with  no s i g n i f i c a n t ,  age £ (3 ,34 )  = 2 .64 ,  p  
>.05,  or  i n t e r a c t i o n ,  £ (3 ,34 )  = 0 .28 ,  p  >.05,  e f f e c t s .  The main e f f e c t  
of  e x p e r t i s e  was fol lowed  up by a s tepw ise  d i s c r i m in a n t  a n a l y s i s  (p  
s . 05) .  Only the  v a r i e t y  of  a c t i o n  concepts  s i g n i f i c a n t l y  d i s c r im in a t e d
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between e x p e r t s  and nov ices .  The v a r i e t y  of  a c t i o n s  accounted for  27% 
of the v a r i a n c e .  Also, th e  c o r r e l a t i o n  (tL = 40) of  th e  v a r i a b l e s  was 
.35 for  the  v a r i e t y  of  a c t i o n  and c o n d i t io n  c once p ts ,  .11 fo r  the
v a r i e t y  of  c o n d i t i o n  and goal  c o n ce p ts ,  and .28 f o r  th e  v a r i e t y  of goal
and a c t i o n  concep ts .  Child e x p e r t s  gene ra ted  a g r e a t e r  v a r i e t y  of
a c t i o n  and c o n d i t i o n  concepts  than  novices  (see Table 9 ) .
The v a r i e t y  of a c t i o n  concep t  of  knowledge was the  maximal 
d i s c r i m i n a t o r  of e x p e r t i s e  l e v e l  with  the  e x p e r t s  in c reased  a v a i l a b i l i t y  
of a v a r i e t y  of a c t i o n s  dur ing  game p lay .  This  fo l lows p r e d i c t i o n s  from 
le a rn in g  models ( e . g . ,  Anderson, 1983) t h a t  i t  i s  e a s i e r  t o  b u i l d  up 
more c o n d i t io n s  but  r e q u i r e s  e x t e n s i v e  p r a c t i c e  to  change behavior  
( a c t i o n s ) .  These r e s u l t s ,  t o g e th e r  with  the  c o r r e l a t i o n  r e s u l t s ,  
sugges t  e x p e r t s  had a v a i l a b l e  a wider v a r i e t y  of a c t i o n s  t h a t  were 
important  t o  the  goal  s t r u c t u r e  of the  game s i t u a t i o n .
Q u a l i ty  of Concep ts . To examine the  q u a l i t y  of concepts  
( c o n d i t io n ,  a c t i o n ,  goa l )  produced d u r ing  co m p e t i t io n ,  f requency s c o re s  
were c l a s s i f i e d  in a manner s i m i l a r  to  the s i t u a t i o n  i n t e rv ie w  (see 
Table 8 fo r  coding r u l e s )  and ana lyzed  in  a one-way a n a l y s i s  of  rank 
s c o r e s ,  K ruska l -W al l l s  T e s t .  Fol lowing the  same t r e n d  as  the  s i t u a t i o n  
in te rv iew ,  age e f f e c t s  were no t  s i g n i f i c a n t  fo r  t h e  q u a l i t i e s  of 
c o n d i t i o n ,  a c t i o n ,  or  goal  concep ts  produced.  As p r e d i c t e d ,  e x p e r t i s e  
l e v e l s  were s i g n i f i c a n t  for  the  q u a l i t i e s  gene ra ted  w i th in  a l l  
c a t e g o r i e s  ( c o n d i t io n ,  a c t i o n s ,  and g o a l s ) .
The q u a l i t y  of  c o n d i t io n  concep ts  denoted  t h a t  e x p e r t s  produced 
s i g n i f i c a n t l y  more c o n d i t i o n s  r e g a rd in g  themselves  and o th e r  c o n d i t i o n s  
( e . g . ,  the  opponent)  and c o n d i t i o n s  r e g a rd in g  themselves  and two or more 
c o n d i t i o n s  (see Table 12).  o v e r a l l ,  e x p e r t s  produced more one c o n d i t i o n
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and two oe more c o n d i t i o n s  beyond those  r e g a rd in g  themselves  than  did  
novices  (coded 2 and 3 in Table 12).
The q u a l i t y  of  a c t i o n  concep ts  gene ra ted  by e x p e r t s  was 
s i g n i f i c a n t l y  more f o r c e f u l ,  and v e ry  f o r c e f u l  (see Table 8 fo r  coding 
r u l e s ) .  That i s  e x p e r t s  gene ra ted  a c t i o n s  with  one or  more f o r c e f u l  
q u a l i t i e s  ( e . g . ,  a g rounds t roke  deep) and a c t i o n s  with  two or more 
f o r c e f u l  q u a l i t i e s  ( e . g . ,  a grounds troke  deep with  to psp ln  
dow n- the - l lne )  than  nov ices  in d i c a t e d  by c h a r a c t e r i s t i c s  coded 2 and 3 
In Table 12. Also,  on ly  novices  In d ic a te d  s e l e c t i o n  of  Inap p ro p r ia te  
a c t i o n s  (coded 0 in Table 15).
Goal concepts  were not  s i g n i f i c a n t l y  d i f f e r e n t  r ega rd ing  age or 
e x p e r t i s e  (see Table 12).  B o rd e r l in e  s i g n i f i c a n c e  was reached In which 
ex p e r t s  gene ra ted  more goa ls  such as winning the  p o i n t ,  game, or match 
(coded 2 ) ,  p < .07, than d id  nov ices .
L inkages . The s t r u c t u r e  of l in k ag es  between and w i th in  concept  
c a t e g o r i e s  gene ra ted  dur ing  game p la y  was s i g n i f i c a n t  In terms of 
e x p e r t s  producing more double l inkage  c a t e g o re s  ( i . e . ,  a response 
c o n ta in in g  two concept  c a t e g o r i e s  with a t  l e a s t  two or more concepts  
w i th in  one of  t h e  concept  c a t e g o r i e s ) .  The Kruska l -W al l l s  t e s t  (see 
Table 11) denoted t h a t  e x p e r t s  gene ra ted  more l inkages  between and 
w i th in  concepts  th a n  d id  nov ic es .  All  o th e r  l in k ag es  were not  
s i g n i f i c a n t  fo r  age or  e x p e r t i s e  e f f e c t s .
Connec t ions . The frequency  s c o re s  of  th e  use of  connec ting  words 
or ph rases  between concep ts  were analyzed  by a rank o rder  one way ANOVA 
w i th in  age and e x p e r t i s e  l e v e l s .  The K ruska l -W al l l s  t e s t  In d ic a te d  only  
the  main e f f e c t  of e x p e r t i s e  was s i g n i f i c a n t  (see Table 11) as  c h i l d  
e x p e r t s  e x h i b i t e d  more In te r c o n n e c t io n s  between concep ts  than  nov ices .
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O v e ra l l ,  the  e x p e r t ' s  more cohes ive  knowledge s t r u t u r e  was more apparen t  
dur ing  game p la y  as  opposed t o  the  s i t u a t i o n  In te rv iew  sugges t ing  t h a t  
ex p e r t s  have a cc ess  to  a more cohes ive and in t e g r a t e d  p roduc t ion  system 
dur ing  game p la y .
Also,  responses  for  p o in t  in t e rv iew s  were coded fo r  comments 
genera ted  o th e r  than  th ose  I n d i c a t i n g  the  c a t e g o r i c a l  concep ts .  These 
comments were c l a s s i f i e d  and coded a s :  r e a c t i v e  ( i . e . ,  emotional  
s t a t em en t s  such as " I 'm  mad"),  l i t e r a l  ( i . e . ,  g enera l  s ta t em en t s  
denot ing  an account  of  the  p as t  even ts  t h a t  j u s t  occured),  no t  t h in k in g  
( i . e . ,  g e n e ra l  s t a t e m e n t s  deno t ing  lack of c o n c e n t r a t io n )  and f i n a l l y ,  
c o n c e n t r a t i o n  ( i . e . ,  g e n e ra l i z e d  s ta t em en t s  reg a rd in g  a need t o  
c o n c e n t r a te  on the  game). The r e s u l t s  accord ing  to  the Kruska l -W al l l s  
t e s t  were s i g n i f i c a n t  fo r  e x p e r t i s e  l e v e l s  in  terms of l i t e r a l ,  ^ 211, ft 
= 40) = 3 .4 ,  p  < .01,  and c o n c e n t r a t i o n , ^ 2 ( 1 ,  £  = 40) = 6 .66 ,  p < .01,  
comments. That  i s ,  novices  gene ra ted  more l i t e r a l  comments (£ = 3 .4 ,  2.
= 3.2)  than  d id  e x p e r t s  (H = 0 .95 ,  2. = 1 . 4 ) .  F u r th e r ,  e x p e r t s  were more 
aware of the  need to  c o n c e n t r a te  (ll = 0 .4 ,  2. = 0 . 8 ) than  were nov ices  (u 
= 0 , £  = 0 ) .
Agreements and D isagreements . The i n t e r a c t i o n  of the  a c t i o n  
concep ts  r e g a rd in g  the  s e l e c t i o n  of a response (" then")  and the  a b i l i t y  
t o  execute  t h i s  response  ("do") were coded d u r ing  games in  te rms of the  
number of  agreements and disagreements  between the a c t i o n  s e l e c t e d  and 
the a b i l i t y  t o  c a r r y  out  t h i s  a c t i o n .  Each i n d i v i d u a l ' s  v e rb a l  r e p o r t  
was examined in  terms of t h e i r  response  s e l e c t e d  and the  exec u t ion  of 
t h i s  a c t i o n  du r ing  a c t u a l  game p la y .  The frequency s co re s  fo r  
agreements and d lsagrem ents  were analyzed  fo r  age and e x p e r t i s e  l e v e l s .  
The K ruska l -W al l l s  t e s t  denoted t h a t  e x p e r t s ,  ^ 2(1,  £  = 40) = 4 .43 ,  p  <
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.05,  gene ra ted  more v e rb a l  agreements dur ing  com pe t i t ion  (tl = 2 .4 ,  £  = 
2 .8 )  than  d id  novices (tl -  0 .7 ,  £  = 1 . 1 ) .  Also,  e x p e r t s  genera ted  more 
v e rba l  d isagreements  d u r ing  com p e t i t io n ,  ^ 2 ( 1 ,  £  = 40) = 3 .89 ,  p  < .05,  
(tl = 1 .6 ,  £  = 2 .1 )  than  d id  nov ices  (£ = 0 .6 ,  S = 1 . 4 ) .  These f in d in g s  
sugges t  e x p e r t s  a r e  a t  th e  s t a g e  of p r o c e d u r a l l z a t I o n  ( I . e . ,  the 
format ion of  p rocedures )  as  th e y  a r e  v e r b a l i z i n g  whether or not  what 
they  dec ided  to  do worked or f a i l e d  to  work (Anderson,  1981,1983).  The 
novices  on the  o the r  hand, viewed the  problem s i t u a t i o n  or reasoned  a t  
more l i t e r a l  l e v e l s  ( g e n e ra l i z e d  accounts  or r e i t e r a t i o n s  of what 
happened s p e c i f i c a l l y ) .
These t r e n d s  were a l s o  c o n s i s t e n t  with  the  game p la y  behav io ra l  
coding .  The performance components were examined in terms of  the  number 
of s t ro n g  d e c i s i o n s  and f o r c e f u l  execu t ions  coded as  agreements and 
d isag reem en ts ,  any s t ro n g  d e c i s i o n  and u n fo rc e fu l  e x e c u t io n .  The t o t a l  
number of  agreements du r ing  game p lay  were s i g n i f i c a n t  fo r  age ,  ^ (2 (1 , tL 
= 40) = 4.05 ,  p  < .05 ,  and e x p e r t i s e , ^ (2 (1 ,  £  = 40) = 9 .52 ,  p  < .01.
The 12-13 year  o lds  (£  = 7 .8 ,  £  = 4.8)  were more ab l e  t o  execute  t h e i r  
s t r o n g  d e c i s i o n s  than  were the  10-11 year  o lds  (£  » 5 .1 ,  £  -  4 . 4 ) .
Likewise e x p e r t s  (£  = 8 . 8, £  = 5 .1 ) )  were a l s o  more ab le  t o  execute
t h e i r  s t r o n g  d e c i s i o n s  than  were the  novices  (£  = 4 .1 ,  £  = 3 . 0 ) .  Also 
d isagreements  d u r in g  game p la y  were s i g n i f i c a n t  fo r  e x p e r t i s e ,  p(2 ( l ,  £  =
40) = 25 .15,  p  < .01, a s  e x p e r t s  (£  * 9 .8 ,  £  = 4 .7)  had more
d isagreements  between s e l e c t i o n  and exec u t ion  of a c t i o n s  d u r ing  game 
p lay  than  nov ices  (H = 2 .1 ,  £  = 1 . 9 ) .  There were no s i g n i f i c a n t  age 
d i f f e r e n c e s  f o r  d i sag reem en ts .  The a b i l i t y  of  th e  o ld e r  c h i l d r e n  t o  
execute  t h e i r  s t r o n g  d e c i s i o n s  i n d i c a t e s  the  s k i l l  component of  
execu t ion  may ta ke  longer t o  develop than  th e  d e c i s i o n  component.
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Within exper ience  l e v e l s ,  e x p e r t s  with h igher  l e v e l s  of knowledge and 
s k i l l  e x h i b i t e d  more agreements ,  i t  Is  a l s o  i n t e r e s t i n g  to  note  t h a t  
d isagreements  were g r e a t e r  fo r  ex p e r t s  in  t h a t  s t r o n g  d e c i s i o n s  may not  
always be r e l a t e d  t o  f o r c e f u l  e x ec u t io n s .  F u r th e r ,  novices may have 
fewer d isagreements  s imply  because they  make few s t ro n g  and f o r c e f u l  
d e c i s i o n s  ( lack  of knowledge) and they  cannot  execute the  s k i l l s  anyway 
( lack of s k i l l ) .  This  t r en d  was a l s o  ev id e n t  in the  c o r r e l a t i o n s  
between the  components of  d e c i s io n  and execu t ion  in  Phase 1.
The r e s u l t s  of Phase 1 indica ted '  t h a t  both  c o g n i t io n  and motor 
s k i l l s  c o n t r i b u t e  t o  the  development of s k i l l e d  performance.  Exper ts  
r e g a r d l e s s  of age performed b e t t e r  than  novices  on t e n n i s  s k i l l  and 
knowledge; e x p e r t s '  d e c i s i o n s  and execu t ions  (procedures  and a c t i o n s )  
were b e t t e r  d u r ing  t e n n i s  game performance.  The performance t e s t s  
(knowledge, s e r v e ,  and groundstroke)  were a l s o  p r e d i c t o r s  of  d e c i s i o n  
and e x ec u t io n  a b i l i t y  d u r ing  s e r v i c e  and game p lay .  Verbal r e p o r t s  were 
used to  a s s e s s  th e  bases  of d e c i s io n s  d u r ing  game p la y  in Phase 2. The 
r e s u l t s  were based on two measures of knowledge s t r u c t u r e :  what was 
s to r e d  ( the  t o t a l  number, t h e  v a r i e t y ,  and th e  c h a r a c t e r i s t i c s  of 
concepts  w i th in  c o n d i t i o n ,  a c t i o n ,  and goa l  c o n c e p t s ) ,  and how i t  was 
s to r e d  ( the  number of  connec t ions  between concepts  and the  l in k ag es  
a c ro s s  and w i th in  c o n d i t i o n ,  a c t i o n  and goal  c o n c e p t s ) .  O v e ra l l ,  the 
e x p e r t s '  g r e a t e r  dec i s ion-making  a b i l i t y  d u r ing  game p la y  may be 
cons idered  as  d i r e c t l y  r e l a t e d  t o  t h e i r  knowledge s t r u c t u r e .  Exper t s ,  
r e g a r d l e s s  of  age ,  e x h i b i t e d  a more cohes ive  and i n t e g r a t e d  knowledge 
s t r u c t u r e  a l low ing  more e f f i c i e n t  and e f f e c t i v e  a c c e s s i b i l i t y  t o  t h e i r  
knowledge.
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ve rba l  p r o to c o l s  In d ica ted  t h a t  ex p e r t s  as  compared t o  nov ices ,  
focused on h igher  l e v e l  concep ts ,  had more i n t e r c o n n e c t io n s  among th e se  
concep ts ,  and had a v a i l a b l e  a wider v a r i e t y  of  c o n d i t io n  concep ts  and 
a c t i o n  concepts  t h a t  were impor tant  t o  the  goal  s t r u c t u r e  of  the  game. 
F u r th e r ,  t h i s  v a r i e t y  of  procedures  ( i . e . ,  more a l t e r n a t i v e  a c t i o n s )  
enabled e x p e r t s  to  be more f l e x i b l e  us ing  a v a r i e t y  of c o n d i t io n  -  
a c t i o n  responses .  The nov ices ,  however, were more r i g i d  in t h e i r  
approach due to  t h e i r  l im i t e d  p ro d u c t io n s .
As noted e a r l i e r ,  t h e re  were no e x p e r t /n o v ic e  d i f f e r e n c e s  in the 
o v e r a l l  t o t a l  number of concepts  ( c o n d i t io n ,  a c t i o n ,  g o a l ) .  D i f f e rence s  
d id  occur as  e x p e r t s  r ep o r te d  a g r e a t e r  v a r i e t y  of a c t i o n s  with more 
fo r c e f u l  q u a l i t i e s  and more c o n d i t io n s  r ega rd ing  themselves  in  a d d i t i o n  
to  one or more c o n d i t i o n s .  As a r e s u l t ,  t h i s  " i f - t h e n "  ( i . e . ,  
c o n d i t i o n / a c t i o n )  development of the  e x p e r t ' s  p rocedura l  knowledge may 
be i n f l u e n t i a l  In the development of the " i f -  then-do"  p ro d u c t io n s .  For 
In s ta n c e ,  e x p e r t / n o v ic e  d i f f e r e n c e s  were noted dur ing the  p o in t  and 
s i t u a t i o n  in te rv iew s  in a c t i o n  concepts  r e l a t e d  t o  the goal  of 
execu t ion  of the  ta sk  ( i . e . ,  parameter  ad jus tments  In t a s k  performance) .  
O v e ra l l ,  novices  had two major l a b e l s  for  t h e i r  a c t i o n s :  a s e rve  and a 
groundstroke even when s i t u a t i o n s  ( e i t h e r  In a c t u a l  p la y  or  in  the  
s i t u a t i o n  In te rv iew )  c a l l e d  for  o the r  a c t i o n s  such as a v o l l e y ,  overhead 
smash, or an approach s h o t .  The novices  made g e n e r a l i z a b l e  t a s k  or 
a c t i o n  r e l a t e d  s ta t em en t s  such as  ”1 was j u s t  t r y i n g  to  h i t  I t "  without  
any q u a l i t a t i v e  con tex t -dependen t  c h a r a c t e r i s t i c s .  This was not  the  
ca s e ,  however, fo r  e x p e r t s  as  th e y  had d i s t i n c t  l a b e l s  f o r  s p e c i f i c  
response  s e l e c t i o n s  ( a c t i o n s ) .  Also ,  e x p e r t ' s  p roduc t ions  inc luded  th e  
paramete rs  ( e . g .  s p i n ,  d i r e c t i o n ,  and /o r  p lacement) ,  the  mechanics of
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the  ta sk  p roduc t ion  ( e . g . ,  the  ang le  of  the  r a c k e t  face )  and /or  
execu t ion  goa ls  ( e . g . ,  t r y i n g  t o  h i t  g rounds t rokes  a t  l e a s t  3 f e e t  above 
the  n e t ) .  This  s ugges t s  t h a t  e x p e r t s  have procedura l  knowledge which 
in c ludes  c o n d i t i o n - a c t l o n  l i n k a g e s ,  a s  w e l l  as  p rocedura l  knowledge 
which in c o rp o ra te s  the  concep ts  of  e x e c u t io n  (do) .
As reviewed,  the  c h a r a c t e r i s t i c s  of  an e x p e r t  Inc ludes  the  a b i l i t y  
to  s e l e c t  the  a p p r o p r i a t e  a c t i o n  ( c o n d i t i o n - a c t l o n  s id e )  and the  a b i l i t y  
to  execute  the  d e c i s i o n  t h a t  was made (execu t ion  s i d e ) .  This 
i n t e r a c t i o n  of s p o r t  s p e c i f i c  c o g n i t i v e  and motor s k i l l s  not  only  
inc reased  in terms of  the  b e h a v io ra l  cod ing ,  but  was observable  in  the 
p o in t  In te rv iew s .  Exper ts  were more aware of the cogn i t ive /m o to r  
I n t e r a c t i o n  as  they  s t a t e d  a p p r o p r i a t e  co n d i t io n s  and f o r c e f u l  responses  
to g e th e r  with an examinat ion of why (o r  why not )  they  were ab l e  to  c a r r y  
out (execute )  t h e i r  d e s i r e d  repon3e .  Novices on the o the r  hand spoke of 
execu t ion  a b i l i t y  in goal  r e l a t e d  or  g e n e r a l i z e d  terms w ithout  any 
c o n tex t  r e l a t e d  ( c o n d i t i o n - a c t l o n )  comments. This  s u g g e s t s ,  t h a t  not  
only  do p roduc t ions  Include c o n d i t i o n - a c t l o n  concep ts ,  but a l s o  
execu t ion  and perhaps  s t o r a g e  of  comple te  u n i t s  of " l f - t h e n - d o  
p ro d u c t i o n s " .  F u r t h e r ,  the  i n t e r a c t i o n  of s p o r t  s p e c i f i c  c o g n i t i v e  and 
motor s k i l l s  may in c re a s e  w i th  an I n c r e a s e d  awareness or i n t e r p r e t a t i o n  
of th e  end produc t  (execu t ion )  t o g e t h e r  with the  co n te x t  d e c i s i o n  t h a t  
i n i t i a t e d  th e  re sponse .
General  D is c u s s io n
T h e o r e t i c a l l y ,  t h i s  s tu d y  examined the In f luence  and development of 
s p o r t  knowledge and how t h i s  knowledge was a p p l i e d .  The r e s u l t s  
In d ica ted  e x p e r t s '  s k i l l e d  per formance was Inf luenced  by t h e i r  knowledge
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s t r u c t u r e  which al lowed them more e f f e c t i v e  use of t h e i r  knowledge 
d ur ing  game p lay  ( i . e . ,  g r e a t e r  dec i s ion-making  a b i l i t y ) .
The i n t e r a c t i o n  of  co n te n t  knowledge ( d e c l a r a t i v e )  with procedura l  
knowledge was e v id e n t  in  the  s i t u a t i o n  and p o in t  In te rv iew s .  The 
behavior of e x p e r t  and novice p l a y e r s  seems to  in c o rp o ra te  the 
p r i n c i p l e s  t h a t  govern l e a r n i n g  ( e . g . ,  Anderson,  1981, 1983). I t  
appears  t h a t  novices  a r e  s t i l l  forming a d e c l a r a t i v e  base of knowledge 
and how to  so lve  the problems (make d e c i s i o n s  du r ing  game play)  which 
fo l lows along with  the c h a r a c t e r i s t i c s  of  the development of procedura l  
knowledge ( e . g . ,  gene ra l  i n t e r p r e t i v e  p ro c e d u re s ) .  The In te rv iew s  
In d ic a te  t h a t  novices  approach the  problem in a genera l  manner 
(evidenced in t h e i r  p rocedu ra l  knowledge s t r u c t u r e )  with  l im i t e d  
d e c l a r a t i v e  knowledge. As a r e s u l t ,  novices  must keep a c t i v e  in memory 
the f e a t u r e s  of the  problem and the  very genera l  goal  of f i n d in g  a way 
t o  so lve  i t .  in fo rm at ion  must be searched  out  ( i . e . ,  i n t e r p r e t i v e  
p rocedures )  and brought in t o  working memory. O v e ra l l ,  novices  have 
slower ac c e s s  and a more g e n e r a l i z e d  approach to  s o lv in g  the  problem. 
F u r th e r ,  novices  may have been unable t o  use p rocedu ra l  r e f e r e n c e s  
dur ing  game p lay  because they  d id  not  e x i s t  (denoted in  the s i t u a t i o n  
In te rv iew )
As e x p e r t i s e  i s  developed ,  the  g e n e ra l  p roduc t ions  appear t o  be 
r ep laced  with  more s p e c i f i c  knowledge ( s p e c i f i c  c o n d i t i o n / a c t i o n  
p roduc t ions )  embedded in  them. E x p e r t s ,  a t  t h e  l e v e l  of t h i s  s tu d y ,  
appear to  be in  th e  s t a g e s  of  knowledge com pi la t ion  in  which th e y  a re  
composing (beginning  to  c o l l a p s e  s e v e r a l  p ro d u c t io n s  t h a t  fo l low  each 
o the r  in  s o lv in g  p a r t i c u l a r  s i t u a t i o n s  d u r in g  game p lay )  and /o r  
p ro c e d u r a l l z i n g  ( c r e a t i n g  new p ro d u c t io n s )  ( f o r  a  review see  Anderson,
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1983).  Another I n t e r p r e t a t i o n  ( fo r  a rev iew see Chi & Rees, 1983) i s  
t h a t  ex p e r t s  a r e  b u i l d in g  an e x t e n s iv e  knowledge s t r u c t u r e  which a l lows 
them qu icke r  a cc ess  ( a c t i v a t i o n  sp reads )  to  more in fo rm at ion  in l e s s  
time in  response to  c e r t a i n  c o n d i t i o n s .  As p r e d i c t e d ,  the p r e s e n t  
f in d in g s  were s i m i l a r  to  o the r  knowledge base r e s e a r c h  in  terms of 
e x p e r t /n o v ic e  d i f f e r e n c e s  in the  r e p r e s e n t a t i o n  of  domain knowledge 
( i . e . ,  exper ts*  more h igh ly  developed knowledge s t r u c t u r e s )  ( e . g . ,  Chi 4 
Koeske, 1983; Chie s i  e t  a l . ,  1979; Gobbo & Chi,  1986; S p i l i c h  e t  a l . ,  
1979).
The r e s u l t s  of t h i s  s tudy seem to  fo l low w i th in  the se  l e a rn in g  
frameworks. S p e c i f i c a l l y ,  the v e rb a l  and b ehav io ra l  r e s u l t s  seem to  
adhere to  F i t t s  and P o s n e r ' s  (1967) g e n e ra l  s t a g e s  of  s k i l l  l e a rn in g  and 
the d e t a i l e d  d e s c r i p t i o n  of the w i th in  s t a g e s  of l e a rn in g  in Anderson's  
(1983) computer s imula ted  l e a rn in g  model. That i s ,  e x p e r t s  accord ing  to  
the  v e rb a l  and b ehav io ra l  r e s u l t s  a r e  in the  s t a g e s  of com pila t ion  or 
a s s o c l a t i o n - a u t o m a t l o n  (Anderson, 1981, 1963; F i t t s  & Posner ,1967,  
r e s p e c t i v e l y )  de oted by t h e i r  s t r o n g  c o n d i t io n  and f o r c e f u l  a c t i o n  
p roduc t ions  which sometimes a re  s u c c e s s f u l l y  executed and a t  o the r  t imes  
no t .  The nov ices ,  however appear to  be a t  th e  e a r l y  s t a g e s  of l e a rn in g ,  
l a ck ing  minimal c o n d i t i o n - a c t l o n  l in k a g e s  w i th  minimal a c t i o n  concepts  
( e . g . ,  F i t t s  a P o s n e r ' s  c o g n i t i v e  s t a g e ) .  I f  th e y  r e p o r t e d  "do" 
s t a t e m e n t s ,  t h e y  were g e n e r a l l z a b l e  and e xec u t ion  d r iv e n ,  r a t h e r  th a n ,  
l i k e  th e  e x p e r t s ,  co n te x t  d r iv en  " i f - t h e n - d o "  s t a t e m e n t s .  Exper ts  with 
g r e a t e r  d e c i s i o n  making a b i l i t y  d u r ing  game p la y  a l s o  e x h i b i t e d  
p roduc t ion  p r o to c o l s  c o n ta in in g  q u a l i t a t i v e l y  d i f f e r e n t  " l f - t h e n - d o "  
s ta t em en t s  a n d /o r  more h igher  l e v e l  macro-p roduction  s t a t e m e n t s  (fewer 
produc t ions  to  accomplish  the same t h i n g ) .  Also,  the  i n v e s t i g a t i o n  of
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l i nkages  In d ic a te d  t h a t  ex p e r t s  have g r e a t e r  acces s  to  t h e i r  knowledge 
s t r u c t u r e  w i th in  and a c ro s s  p ro d u c t io n s .  Novices ( e x h i b i t i n g  poorer  
d e c i s i o n  making a b i l t y  dur ing  performance) approached the  problem 
s o lv in g  s i t u a t i o n  (as  evidenced in  in t e rv i e w  p r o to c o l s )  by in c o rp o ra t in g  
a l im i t e d  number of r ecogn izab le  c o n d i t i o n s  ( " I f ” ) and few a l t e r n a t i v e s  
to  s o lv ing  the  problem (" then" )  with a l i m i t e d  and g e n e ra l i z e d  approach 
toward execu t ion  ("do") .
The I n t e r a c t i o n  of d e c l a r a t i v e  and p rocedu ra l  knowledge and how 
they  develop  to  form produc t ions  should con t inue  to  be examined In order 
t o  unders tand the development of e x p e r t i s e .  Sport  domains as opposed to  
ve rba l  l e a r n i n g ,  may prov ide a unique environment to  examine how 
procedures  develop  and in f luence  e x p e r t i s e .  In the  ve rba l  domain, as  
opposed to  the domain of s p o r t ,  a c t i o n s  may no t  be r e a d i l y  observed 
(Anderson,  1983).  taken  to g e th e r ,  the  p r e s e n t  f in d in g s  and how they  
model the  t h e o r e t i c a l  frameworks for  l e a r n in g  r e s e a r c h  (whether 
developmenta l ,  Chi & Rees, 1983; computer s im u la te d ,  Anderson,  1983; or 
motor s k i l l ,  F i t t s  & Posner ,  1967) i n t o  s p o r t  domains may r e v e a l  the 
development of  the  d e c l a r a t i v e / p r o c e d u r a l  knowledge i n t e r a c t i o n  ( the  
development of knowledge s t r u c t u r e )  and i t s  In f luence  on per formance.
I n s t r u c t o r s  in  a l l  domains f r e q u e n t l y  spend more time b u i l d in g  a 
foundation  of  d e c l a r a t i v e  knowledge as  opposed to  p ro ced u ra l  knowledge. 
The domain of  s p o r t  may prove a v i a b l e  means t o  I n v e s t i g a t e  the  
development of p roduc t ions  a s  I t  I s  more e a s i l y  modeled In s k i l l  than  in 
ve rba l  l e a r n i n g ,  in  s p o r t ,  not  only  i s  t h e r e  concern with  c o r r e c t  
d e c i s i o n s  but  the  a b i l i t y  to  execute  the  a c t i o n  as  well  which In most 
cases  i s  d i r e c t l y  o bse rvab le .  As a r e s u l t ,  t h e  s p o r t  domain may o f f e r  
more In s ig h t  In to  how we might te ach  or  develop  a l e a r n e r ' s  p roduc t ions .
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Within s p o r t ,  fo r  example,  coaches t r y  to  formula te  p l a y e r ' s  p roduc t ions  
( e . g . ,  " I f  t h i s  c o n d i t io n  e x i s t s ,  then  you do t h i s " )  and i n s t r u c t  them 
in terms of  cues ( e . g . ,  "watch your opponen t 's  r a c k e t  -  i f  they  open 
t h e i r  r a c k e t  face ,  then  you should p o s i t i o n  y o u r s e l f  for  a l o b " ) ,  
F u r th e r ,  the  I n t e r a c t i o n  of the  p roduc t ion  systems dur ing  s p o r t  
performance ( i . e . ,  how to  s e l e c t  a c t i o n s  x how t o  c a r r y  out  a c t i o n s )  may 
a l s o  Increase  our unders tand ing  of the development of  e x p e r t i s e .  In 
t h i s  s tudy ,  some e x p e r t s  were not  only  ab le  to  d e t e c t  e r r o r s  in terms of 
i n a p p ro r l a t e  c o n d i t i o n  re sponses ,  but a l s o ,  in the param eters  of , 
execu t ion  res p o n s es .  Exper ts  denoted where the  problem occurred  ( i . e . ,  
d e c i s i o n  or execu t ion )  and were ab l e  to  c o r r e c t  i t .  However, t h i s  was 
not  the case  fo r  a l l  e x p e r t s  which adheres  to  th e  l o g i c  t h a t  motor s k i l l  
l e a rn in g  r e q u i r e s  a tremendous amount of  p r a c t i c e .  But a f t e r  the 
ap p ro p r ia t e  amount of p r a c t i c e ,  e x p e r t s  do appear to  reach  s t a g e s  of 
a u t o m a t i c l t y .  Concep tua lly ,  th e se  observab le  s t a g e s  of  production  
development ( i . e . ,  the  d e c l a r a t l v e / p r o c e d u r a l / e x e c u t l o n  i n t e r a c t i o n )  may 
r e f l e c t  both the p rocess  ( e . g . ,  Schmidt,  1975) and p e r c e p t i o n / a c t i o n  
( e . g . ,  Gibson,  1966; Turvey,  1977) t h e o r i e s  of  l e a r n i n g .  This merge in 
o r i e n t a t i o n s  may occur in  t h a t  the  l e a r n e r  begins  in  a p rocess  o r i e n t e d  
approach and moves th rough the  s t a g e s  u l t i m a t e l y  reac h ing  a more 
s t im u lu s - re s p o n se  type of behav io r .  The p rocess  of l e a rn in g  I s  t h i s  
b u i l d in g  of  th e  c o n d l t l o n - a c t l o n - e x e c u t l o n  p ro d u c t io n s .  Whether or no t  
p roduc t ions  a r e  developed by p r a c t i c i n g  the  execu t ion  s id e  ("do” ) to  
reach  an autonomous s t a g e  a l lowing  the  c o n d l t l o n - a c t i o n  ( " i f - t h e n " )  s id e  
to  be b u i l t  or  by p r a c t i c i n g  the  c o n d l t l o n - a c t i o n  s id e  ( " l f - t h e n " )  to  
reach  an autonomous s t a g e  a l low ing  the  execu t ion  s id e  t o  be b u i l t ,  or
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whether the  " i f - t h e n - d o "  procedure la  developed as a u n i t ,  a r e  v ia b le  
q u es t io n s  In a l l  a r e a s  of l e a r n in g .
The r e s u l t s  of t h i s  s tudy  I n d ic a t e  " l£ - th e n -d o "  p roduc t ion  u n i t s  
In f luence  deci sion-making  a b i l i t y  du r ing  game p la y .  As a r e s u l t ,  
i n s t r u c t o r s  may enhance the  development of th e se  u n i t s  ( I . e . ,  knowledge 
s t r u c t u r e )  by i d e n t i f y i n g  and conveying to  l e a r n e r s  s p e c i f i c  
" i f - t h e n - d o "  s i t u a t i o n s  which may occur dur ing  per formance.  E x p e r t i s e  
may be developed by l e a r n e r s  p r a c t i c i n g  the  s e l e c t i o n  and use of 
s p e c i f i c  and a l t e r n a t i v e  " i f - t h e n - d o M u n i t s .
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C h a r a c t e r i s t i c s  of t e n n i s  exper ience  by age and e x p e r t i s e  l e v e l
P r a c t l c e a  P_Iayb Lessonsc Lenothd Famllve Campst  Tournamentg
Age
12-13 e x p e r t  M 4.4 4.8 58.4 29.4 2.8 228.8 15.7
(n=10) S 1.1 1.4 36.4 11.5 1.5  140.4 17.7
novice M 1.9 1.7 22.5 19.5 1.8 3.0 0.0
(n=10) S 1.4 1.2 25.4 11.1 1.2 3.7 0.0
10-11 exper t  M 3.9 2.4 36.5 32.4 2.6 133.1 11.9
(n=10) S 1.2 2.0 23.2 19.2 0.7 62.4 10.8
novice M 2.7 2.3 22.0 26.4 2.4 11.8 0.0
(n=10> S 2.3 2.2 25.9 14.4 0.7 16.8 0.0
a p r a c t i c e  s e s s i o n s  per  week
b p la y  s e s s io n s  per week
c t o t a l  weeks of  l e s sons
d t o t a l  months of  p la y in g  exper ience
e fami ly  members who p lay
f number of weeks of  camp/club a t ten d ed
g t o t a l  number of tournaments p a r t i c i p a t e d  in
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Table 2
Means and s ta ndard  d e v i a t i o n s  fo r  e x p e r t s  and nov ices  fo r  t h e  knowledge, 
serve  s k i l l ,  and a rounsds t roke  s k i l l  t e s t s
Novice Expert
(n=20) (n=20)
Knowledae Tes t  a 11 47.4 65.7
S. 15.2 10.9
Serve Testb U 12.3 28.2
5. 6.2 7.5
Groundstroke Tes te 11 8.9 19.7
£ 4.3 4.8
a pe rcen t  c o r r e c t  
b t o t a l  p o in t s  
c t o t a l  po in t s
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T able  3
Standard ized  canon ica l  c o r r e l a t i o n  c o e f f i c i e n t s  fo r  the  an a ly se s  of  the  
se rve  and the game p lay  fo l lowing the  serve
S tandard ized  Canonical  C o e f f i c i e n t s  
Serve P lay  Game P lay
Func tion  1 Funct ion 1
Knowledge 0.39 0.42
Servea 0.77 ------
Groundstrokeb ------  0.69
Con tro lb  ------  0
Decision 0.96 0.65
Execution 0.06 0.41
a on ly  fo r  se rve  a n a l y s i s  
b only  fo r  game p lay  a n a l y s i s
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T able  4
P r e d i c t i o n  of d e c i s i ons and execu t ion  f rom th e  sco res  of each t e s t  fo r  
se rve  play
Decis ion
S tandard ized
c o e f f i c i e n t s
P a r t i a l
c o r r e l a t i o n s
S em ipa r t i a l  
c o r r e l a t i o n s
knowledge t e s t  








knowledge t e s t  .08






T able  5
P r e d i c t i o n  of  d e c i s i o n s  and exec tu lon  from th e  sco re s  of each t e s t  for  
gams play.
Decisions  
knowledge t e s t  
groundstroke t e s t
S tandard ized
c o e f f i c i e n t s
.30
.55
P a r t i a l
c o r r e l a t i o n s
.49
.31
S e m tp a r t l a l




knowledge t e s t  .33







C l a s s i f i c a t i o n  r u l e s  fo r  coding the  p o in t  and s i t u a t i o n  I n t e r v i e w s .
CONCEPT: A concep t  I s  d e f in e d  t o  be a u n i t  of  in formation  about
response s e l e c t i o n  in the  c o n te x t  of  a game s i t u a t i o n .  Each u n i t  of 
in form at ion  w i l l  be c l a s s i f i e d  as  a s t r a t e g i c ,  a c t i o n ,  or goal  concep t .  
STRATEGIC CONCEPT: ( " i f " )  A u n i t  of  Informat ion  t h a t  s p e c i f i e s  when or 
under what c o n d i t i o n s  to  apply  the  a c t i o n  or  p a t t e r n s  of  a c t i o n s  to  
achieve  the g o a l .  S t r a t e g i c  concepts  may r e f e r  to  an i n d i v i d u a l ' s  
c o n s id e r a t i o n  of  an opponen t s ' s  s t r e n g t h ,  h i s  own p o s i t i o n ,  or  h i s  p r i o r  
s h o t ,  r eg a rd in g  h i s  s e l e c t i o n  of a c t i o n s  in game s i t u a t i o n s .  S t r a t e g i c  
concepts  a r e  u s u a l l y  r e l a t e d  to  the  type  of  sh o t  s e l e c t e d  or p o s i t i o n i n g  
on c o u r t .  O v e ra l l ,  s t r a t e g i c  concepts  a re  a b s t r a c t  concepts  s p e c i fy in g  
when or under what c o n d i t i o n s  t o  apply  the a c t i o n  or p a t t e r n s  of a c t i o n .  
ACTION CONCEPT: ( " then" )  A u n i t  of Informat ion  which r e f e r s  to  the
a c t i o n  s e l e c t e d  or  p a t t e r n s  of a c t i o n  s e l e c t e d  which produce goal  
r e l a t e d  changes in  the  c o n te x t  of a game s i t u a t i o n .  They may be 
c h a r a c t e r i z e d  by th e  a c t i o n  I t s e l f  ( e . g . ,  a p a r t i c u l a r  s t r o k e  s e l e c t e d ,  
or  a c e r t a i n  movement to  o b ta in  a s p e c i f i c  p o s i t i o n  on c o u r t )  and a l s o ,  
th e y  may inc lude  q u a l i t a t i v e  c h a r a c t e r i s t i c s  such as  the  ty p e  of  a c t i o n  
( e . g . ,  d i r e c t i o n ,  placement ,  speed) I n d i c a t i n g  f o r c e f u l  q u a l i t i e s  as  
o u t l i n e d  in  t h e  d e c i s i o n  r u l e s  coded fo r  th e  components of performance 
in Phase 1.
goal concept; ( " t o " )  A u n i t  of in fo rm at ion  which r e f e r s  t o  th e  games 
goa l  s t r u c t u r e  u s u a l l y  h l e r a c h a l l y  o rgan ized .  Goal concep ts  such as 
winning the  p o i n t ,  or  execu t ing  th e  s k i l l ,  keeping th e  b a l l  In p la y ,  
making th e  opponent run ,  and p rev en t in g  an opponents a g g re s s iv e  s h o t .
S3
T able  7
Some examples o f  p o ss ib le  knowledge c a te g o r ie s
CONDITION CONCEPTS 
His S t r en g th  
Weakness 
P o s i t i o n  
P r io r  Shot
His Opponent 's  
S t r eng th  
Weakness 
P o s i t i o n  






Passing  Shots 
Drop Shots
GOAL CONCEPTS 
Keeping the  
b a l l  away
Preven t ing
agg re s lve
sho ts
Winning the  
po in t
Shot Type
S erv ice  Type
P o s i t i o n  Type 
Forc ing  
C e n t r a l  




P o s i t i o n  Moves
Executing 
t h e  s k i l l
G e t t ing  the  
b a l l  In
Keeping the  
b a l l  in  p la y
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Table 8
The d e c i s i o n  r u l e s  fo r  coding the  Qual i t y  of each concept  fo r  the  p o in t  
and s i t u a t i o n  In te rv iew s
Concept Q u a l i t y :  Each concept  w i l l  be coded accord ing  to  the  q u a l i t y  of 
the  concept  In the  co n te x t  of the  In te rv iew  s i t u a t i o n  or p o in t  
s i t u a t i o n .
 Category Code________Decis ion_Rule_________________________________
Condit ion  Concept: 0 = i n a p p ro p r i a t e  c o n d i t io n
1 = a p p r o p r i a t e  only  r ega rd ing  h im se lf
2 = a p p r o p r i a t e  and f o r c e f u l -h i m s e l f  and one o the r
3 = a p p r o r i a t e  and very f o r c e f u l -h i m s e l f  and 2 o th e r s
Action Concept:  0 = i n a p p ro r l a t e  a c t i o n
1 = a p p r o r i a t e  bu t  weak -no f o r c e f u l  q u a l i t i e s  only
exec u t ion  mentioned
2 = a p p r o p r i a t e  and f o r c e f u l  -1 f o r c e f u l  q u a l i t y
3 = a p p r o r i a t e  and very  f o r c e f u l  -2 or more f o r c e f u l
q u a l i t i e s
Goal Concept:  0 = s k i l l  and h im se lf  - e x e c u t io n ,  g e t t i n g  i t  In,
keeping the  b a l l  In p lay
1 = h im se l f  and opponent -keep ing the  b a l l  away,
p rev en t in g  opponents a g g re s s iv e  sho ts
2 = winning the  p o i n t ,  game, match
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Table 9
Means and s ta n d a rd  d e v i a t i o n s  fo r  th e  o v e r a l l  t o t a l  and d i f f e r e n t
c o n c e p t s  bv e x p e r t i s e  l e v e l s  fo r  th e  s i t u a t i o n  and p o i n t  in t e r v ie w s
Expert s  (n=20) Novices (n=20)
 11
S i t u a t i o n  In te rv iew
Tota l  Concepts
Condi t ion 7.7
Action 7.3
Goal 3.4




Poin t  In te rv iew  
Tota l  Concepts
Condit ion  7.0
Action 3.8
Goal 3.9
D i f f e r e n t  concepts







2.0 2 .5  1.8
1.0 2.8  1.3
1 .2  2.8 1.7
5.2 4 .1  4 .5
3.3 2.0 2.8
2.7 3,0 3.1
1 .8  2 .0  1.7
1 .7  1 .0  0.9
1 .2  1 .4  1.2
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T able  10
Means, s ta n d a rd  d e v i a t i o n s ,  and th e  Krusk a l-W a l la c e  ( c h l - s o u a r e
ap p ro x im a tio n )  t e s t  bv e x p e r t i s e  l e v e l s  fo r  th e  s i t u a t i o n  I n te r v ie w
Experts  <n=20) Novices (n=20)
_________________________ M S____________ M S________ A- a
Q ua l i ty
Condit ion
0 0.5 1.8 0.3 0.6 0.52
1 2.8 2.0 2.0 1,5 1.57
2 3.9 2.9 1.6 1.5 7.21**
3 0.2 0.4 0 0 4.33*
Action
0 0 0 0.8 1.6 6.83**
1 4.2 2.5 2.7 1.8 3.31
2 2.4 1.7 1 .3 1.1 4.92*
3 0.7 0.9 0.4 0.9 2.12
Goal
0 2.3 1.6 2.7 1.1 0.62
1 0.3 0.7 0.8 0.8 4.92*
2 0.4 0.6 0.2 0.5 1.12
* p < .05
**p < .01
a d f  » 1 ,  K ■ 40
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T able  11
Means, s tandard  d e v i a t i o n s ,  and the  Kruska l-Wal lace ( c h i - s a u a re  
approx im at ion) t e s t  bv e x p e r t i s e l e v e l s  for  concep t  l in k ag es  and number 









S i t u a t i o n  In te rv iew
Linkages
Single Uni ts 1.9 1.6 1.9 1.3 .01
Double Units 1.9 1.1 1.0 0.9 6.93**
T r ip le  Units 0.8 o.e 0.3 0.5 4.80*
Connections 9.9 6.7 6.3 3.7 2.58
P o in t  In te rv iew  
Linkages
S ing le  Units 7.6 3.6 6.4 4.5 1.10
Double Unit s 1.2 1.6 0.3 0.7 8.05**
T r i p l e  Units 0.1 0.2 0 0 1.00
Connections 3.7 3.5 1.2 2.0 8.59**
* p < .05
**p < .01
a d f  = 1 ,  H. = 40
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Table 12
Means, s ta n d a rd  d e v i a t i o n s ,  and th e  K ru sk a l-W a lla ce  ( c h i - s a u a r e
a p p r o x im a tio n }  t e s t  bv e x p e r t i s e  l e v e l s  fo r  th e  poi n t  i n t e r v i e w
Exper ts  (n=20) Novices (n=20)
_________________________ H S____________ M s_______ X a
Q u a l i ty
Condit ion
0 0.1 0.2 1.1 1.6 10.17**
1 3.2 2.4 2.1 2.8 3.14
2 3.3 3.8 0.8 1.7 8.49**
3 0.4 0.8 0 0 4.32*
Action
0 0 0 0.1 0.2 1.00
1 1.6 1.8 1.1 2.1 2.81
2 1.8 2.0 0.9 1.5 4.97*
3 0.6 1.0 0 0 8 . 21**
Goal
0 2.6 2.1 2.3 2.6 0.75
1 0.2 0.4 0.1 0.2 1.08
2 1.1 1.3 0.6 1.1 3.22**
* p < .05
**p < .01





The w r i t t e n  t e s t  was adm in is te red  t o  31 advanced and novice  male 
t e n n i s  p la y e r s  ages 8-13 a t t e n d in g  the  f i r s t  camp s e s s i o n .  A KR-20 
e s t im a te  i n d i c a t e d  i n t e r n a l  c o n s i s t e n c y  of .79 .  The median of the  index 
of d i f f i c u l t y  was .58.  F o r ty - e i g h t  of the  50 Items (96%) had an index 
of d i f f i c u l t y  between .35 and .90.  F o r ty  of the 50 items (80%) had an 
index of d i s c r i m i n a t i o n  of .20 and g r e a t e r  (range .20 to  .80) with the 
remaining 10 r e c e iv in g  .10 or g r e a t e r  as  an index of d i s c r i m i n a t i o n .
The t e s t  was a l s o  shown to  d i s c r i m i n a t e  between advanced and novice 
t e n n i s  p la y e r s  r e g a r d l e s s  of age.  Cons t ruc t  v a l i d i t y  (known group 
d i f f e r e n c e  method) was In d ica ted  in  a 2 x 2 ANOVA (age x l e v e l  of 
e x p e r t i s e ) .  The e x p e r t  group c o n s i s t e d  of  5 8-10 y e a r -o ld s  and 9 11-13 
y e a r - o l d s .  The novice group con ta ined  7 8-10 y e a r - o l d 3 and 10 11-13 
y e a r - o l d s .  Exper ts  were found s i g n i f i c a n t l y  d i f f e r e n t  from nov ic es ,
E ( l , 27)= 10.44,  p<.01,  with  no s i g n i f i c a n t  age ,  E ( l ,  27)= 0 .12 ,  p>.05,  
or i n t e r a c t i o n ,  E ( l , 27)= 0 .01 ,  p> .05,  e f f e c t s .  The mean fo r  novices
was 62% c o r r e c t  (s=ll%) and the mean fo r  ex p e r t s  was 74% c o r r e c t  (s=9%).
The pe rc e n t  va r ia n ce  accounted fo r  by th e  group d i f f e r e n c e  was 25%.
Some items in  the  o r i g i n a l  knowledge t e s t  were r e v i s e d  for
qu es t io n s  r e c e i v i n g  an index of d i s c r i m i n a t i o n  below .20.  Again,
e x p e r t s  found the r e v i s i o n s  v a l i d  fo r  c o n t e n t .  The r e v i s e d  knowledge 
t e s t  was adm in is te red  to  21 male t e n n i s  p l a y e r s  age 8-13 a t t e n d i n g  th e  
second camp s e s s i o n .  The r e s u l t s  in d i c a t e d  the  knowledge t e s t  was a 
r e l i a b l e  measure of  t e n n i s  knowledge, KR-20=.81. The median index of 
d i f f i c u l t y  was .50 .  F o r t y - e i g h t  of the  50 i tems (96%) had an index of 
d i f f i c u l t y  g r e a t e r  th a n  .23.  The mean of  th e  index of  d i s c r i m i n a t i o n
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was ,31.  For ty  of the  50 Items (60%) had an Index of  d i s c r i m i n a t i o n  
g r e a t e r  than . 20 .
O v e ra l l ,  t h e se  r e s u l t s  i n d i c a t e  t h a t  the  knowledge t e s t  was 
r e l i a b l e  and v a l i d  measure of t e n n i s  knowledge for  boys ages  8-13 
y e a r s - o ld .
S k i l l  T es t s
S k i l l  t e s t i n g  was adm in is te re d  by the  exper imenter  (an e x p e r t )  on a 
r e g u la t io n  t e n n i s  c o u r t  to  each in d i v id u a l  in smal l  groups of  3 t o  4 
s u b j e c t s ,  Groundstroke s k i l l  was measured by having p l a y e r s  p o s i t i o n  
themselves a t  a p o in t  behind the ce n te r  s e r v i c e  s t r i p e  on the  b a s e l i n e .  
The t e s t e r ,  the exper im en te r ,  d e l i v e r e d  a t o t a l  of 24 b a l l s  ( judged good 
by the  exper imenter ,  an e x p e r t )  to  each p la y e r  who a t tempted  to  s t r o k e  
10 forehand and 10 backhand grounds tokes .  The t r i a l s  c o n s i s t e d  of 1 
p r a c t i c e  fol lowed by 5 scored c ro s s  c o u r t  and 1 p r a c t i c e  fol lowed by 5 
scored  down the  l i n e  fo r  each g rounds t roke .  In o rder  to  s t a n d a r d i z e  the 
procedure,  the exper imente r  h i t  a l l  b a l l s  t o  a l l  p l a y e r s .  Scor ing of 
the  forehand and backhand grounds troke  c o n s i s t e d  of marked number 2ones 
(des igna ted  3, 2, and 1) with  the  h ighe r  sco re  nea re r  the  b a s e l i n e .  The 
t o t a l  p o s s ib le  p o in t s  fo r  g rounds t rokes  was 60 p o i n t s .
Serve s k i l l  was measured us ing  p rocedures  s i m i l a r  to  th e  
groundstroke s k i l l  t e s t  in which th e  se rve  was scored  on th e  bases  of 
the t a r g e t  a rea  h i t .  In performing the  s e r v i c e  t e s t ,  the  s u b j e c t  
assumed h i s  s e r v i c e  s t a n c e  a t  a marked s e r v i c e  p o s i t i o n  and f i r s t  s e rved  
in t o  the  r i g h t  s e r v i c e  c o u r t  c o n s i s t i n g  of two t a r g e t  a r e a s  r e p r e s e n t i n g  
a forehand and backhand s e r v i c e  zone ,  (number zones d e s ig n a t e d  3, 2, and 
1) with  the  h igher  score  n ea re r  back s e r v i c e  l i n e .  Serve t r i a l s  
c o n s i s t e d  of 1 p r a c t i c e  and 5 scored  s e rv es  i n t o  each zone fo r  both  the
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r i g h t  and l e f t  s e r v i c e  c o u r t .  A t o t a l  of  60 p o in t s  fo r  each s e r v i c e  
c o u r t  was p o s s i b l e .
The s co re s  for  each s k i l l  t e s t  were ana lyzed s e p a r a t e l y  f o r  each 
age l e v e l  in  a 2 x 2 ( s u b je c t  x day of t e s t i n g )  ANOVA. I n t r a c l a s s  
r e l i a b i l i t y  e s t i m a t e s  fo r  the  se rve  and groundstroke  s k i l l  t e s t s  were 
.91 and .72 for  the  younger age group, and .67 and .66 f o r  the  o ld e r  age 
group.  Table 13 i n d i c a t e s  the means and s tan d a rd  d e v i a t i o n s  fo r  each 
age group for  the  se rve  and groundstroke s k i l l  t e s t  t r i a l s .  The novice 
group c o n s i s t e d  of 7 8-10 y e a r -o ld s  and 11 11-13 y e a r - o l d s .  The expe r t  
group c o n s i s t e d  of 7 8-10 y e a r -o ld s  and 9 11-13 y e a r - o l d s .  In a 2 x 2
ANOVA (age x l e v e l  of  e x p e r t i s e )  e x p e r t s  were found s i g n i f i c a n t l y
d i f f e r e n t  from novices  in the  g rounds troke  s k i l l  t e s t ,  E ( l , 30)= 17.55,  
B<.01, w2 = 47%, with  no s i g n i f i c a n t  age,  E d , 30) = 3.60,  n> .05 ,  or 
i n t e r a c t i o n  e f f e c t s ,  E ( l , 30)= 0 .11 ,  p>.05.  S im i la r  r e s u l t s  were 
in d ic a te d  fo r  the  se rve  s k i l l  t e s t  as  e x p e r t s  were s i g n i f i c a n t l y  
d i f f e r e n t  from nov ices ,  E d , 30)= 1 8 . 7 1 ,  q < . 0 1 ,  w2 = 53%, with  no 
s i g n i f i c a n t  age,  E ( l , 30)= 0 .16 ,  u>.05,  or i n t e r a c t i o n  e f f e c t s ,  E d , 30)=
0 . 4 8 ,  p > .05. The means and s t a n d a rd  d e v i a t i o n s  fo r  each group fo r  the
groundstroke and s e rv e  s k i l l  t e s t  a r e  p re s e n te d  in  Table 1 4 .
T able  13
Means and s tandard  dev i a t i o n s  fo r  each age group fo r  the  
se rve  and grounds t roke s k i l l  t e s t  t r i a l s
Groundstroke Serve
 ea*   Qax____
1 2  1 2
Age
8-10 M 11.2a 12.6 14.2b 14.3
(n=14) S 3.8 4.1 4.3 4.1
11-13 M 11.4 12.4 14.2 14.6
(n=20) S 5.6 5.1 5.6 6.5
a p o s s ib le  sco re  Is  20 t r i a l s  x 3 p o in t s  = 60 
b p o s s ib le  sco re  I s  20 t r i a l s  x 3 p o in t s  = 60
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T able  14
Means and s tan d a rd  d e v i a t i o n s  fo r  each age group fo r  the 
g rounds troke  and se rve  s k i l l  t e s t s  bv e x p e r t i s e  l e v e l





Exper ts  7 15.1
11-11 Year Olds
Novices 9 9.6
Experts  11 15.7
S M S




Game s k i l l s
A summary of  the  d e c i s i o n  r u l e s  fo r  the  coding of the  components of 
performance dur ing  the  se rve  and game p la y  a r e  p re s e n te d  in Table 15. 
Pour e x p e r t s  and four novices  were v ideotaped  p lay ing  s i x  t e n n i s  games 
w i th in  two age l e v e l s  (10-11 and 12-13 yea rs  o ld )  p a r t i c i p a t i n g  in a 
ju n io r  t e n n i s  program, i n t e r r a t e r  r e l i a b i l i t y  was e s t a b l i s h e d  by two 
e x p e r t s  observ ing  4 of the 6 games with  each p laye r  s e rv in g  and 
r e c e iv in g  se rve  tw ic e .  Four p la y e r s  were s e l e c t e d  randomly from each 
exper ience  and age l e v e l  and coded on each ca teg o ry  of the  o b s e rv a t io n a l  
ins trument fo r  the  se rve  and game p la y  fo l lowing  the  s e r v e .  The 
behaviors  coded were c o l l a p s e d  a c r o s s  a l l  4 games fo r  each in d i v i d u a l .  
R e l i a b i l i t y  was e s t im a ted  by the  formula,  I of  a g r e e m e n t s / d  of 
agreements + d isagreements)  x 100 = %. I n t r a r a t e r  r e l i a b i l i t y  was
e s t im a ted  by an e x p e r t  coding and re -co d ln g  a l l  8 p l a y e r s  on s e p a ra t e  
occas ions  us ing the  same procedures  i n d i c a te d  Ln the  I n t e r r a t e r  
r e l i a b i l i t y  c o n d i t i o n .
O v e ra l l ,  i n t r a r a t e r  r e l i a b i l i t y  e s t i m a t e s  (&=8 ) fo r  the  se rve  were 
.94 for  d e c i s i o n  and .88 fo r  e x e c u t io n .  During game p la y  r e l i a b i l i t y  
was .99 fo r  c o n t r o l ,  .87 fo r  d e c i s i o n  and .92 f o r  e x e c u t io n .  Likewise,  
I n t e r r a t e r  r e l i a b i l i t y  e s t i m a t e s  (H= 4) for  the  s e rv e  were .99 fo r  
d e c i s i o n  and .98 fo r  exec u t ion ,  while th e  e s t i m a t e s  were 1.00 fo r  
c o n t r o l ,  .98 fo r  d e c i s i o n  and .99 fo r  execu t ion  d u r ing  game p la y .  The 
coding Ins trument was cons idered  r e l i a b l e  fo r  a l l  c a t e g o r i e s  as 
I n t e r r a t e r  r e l i a b i l i t y  e s t i m a t e s  ranged from .94 to  1 .00  while 
i n t r a r a t e r  r e l i a b i l i t y  e s t i m a t e s  ranged from .62 t o  1 . 00 .
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Table IS
Summary of  d e c i s i o n  r u l e s  fo r  the  coding of  the  components of 
performance dur ing  the  se rve  and game p la y
Ihfi.-SflI.Yfi.
Decis ion
Coded aa 1 : A s t ro n g  decs lon  I f  th e  p l a y e r  made an a p p ro p o r la t e  d e c i s i o n  
in the c o n tex t  of a g iven s i t u a t i o n .  The a c t i o n  i s  s e l e c t e d  c o n s id e r in g  
the  p l a y e r ' s  and opponen t 's  p o s i t i o n .
1. Any a t tem p t  made to  se rve  the  b a l l  with  dep th ,  s p in ,  speed,  or
placement in order  to  fo rce  a weak r e t u r n ;
2. Any a t tem p t  made t o  se rve  the b a l l  t o  an open a r e a  of the s e r v i c e
c o u r t  due to  the  opponen t 's  p o s i t i o n ,  i n t o  the  opponent ,  or to  the
opponen t 's  weakslde in o rder  to  fo rce  a weak r e t u r n .
Coded as 0 : I f  the  p la ye r  made a weak d e c i s i o n  in  th e  c o n te x t  of  a g iven
3 l t u a l t l o n .  The a c t i o n  i s  s e l e c t e d  c o n s id e r in g  only  the  p l a y e r ' s  
p o s i t i o n  with  p u t t i n g  th e  b a l l  " in  p lay"  a s  th e  main goal
1 . I f  the  s e rv e r  was s tan d in g  f a r  from the  c e n t e r  mark and served
the  b a l l  t o  the  opponen t 's  s t r o n g  s i d e  or to  the  middle of  the
s e r v i c e  c o u r t ;
2. I f  the  s e r v e r  p laced  the  b a l l  in  th e  c o u r t  In a s o f t  lob lng  manner 
a l low ing  h i s  opponent to  r e t u r n  the  b a l l  o f f e n s i v e l y ;
3. I f  the  s e rv e r  a t t e m p t s  a f i r s t  s e rve  with  e r r a t i c  power, fol lowed 
by a s o f t  pushing second se rv e ;
4. I f  the  s e rv e r  s e rv es  o f f  ba lance  and without  c o n t ro l  due t o  a poor 
t o s s ;
5. I f  the  s e r v e r  does not  a t t em p t  t o  s e rv e  t o  th e  open a r e a  of  the  
c o u r t ,  or weakslde a l low ing  the  opponent t o  r e t u r n  th e  b a l l  
o f f e n s i v e l y .
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Table 15 c o n ' t
Execution
Coded as  3 : A se rve  t h a t  i s  s u c c e s s fu l  and f o r c in g  due t o  placement,  
speed sp in  and/or  depth  u s u a l l y  p la c in g  p re s s u re  on the 
opponent;
Coded as 2 : A serve  t h a t  i s  s u c c e s s f u l ,  y e t  no t  fo rc in g  due to  lack  of
placement,  speed,  s p in  and /o r  dep th  p la c ing  l l t t t l e  p res su re  
on the  opponent .
Coded as 1 : An unsuccess fu l  serve  t h a t  is  r u le d  long or wide.
coded as 0 : A n e t t e d  s e rv e .
Game P lav  Following Serve
co n tro l
Did the  p laye r  gain  and m ain ta in  c o n t r o l  of the  t e n n i s  b a l l ?
coded as 1 ; I f  the p laye r  con tac ted  the  t e n n i s  b a l l  with h i s  r a c k e t  
en ab l in g  him t o  s e l e c t  an a c t i o n  ( s t r o k e ) .
coded as  0 : Actions such as  miss ing the  t e n n i s  b a l l ,  i l l e g a l  c o n ta c t
( e . g . ,  body p a r t s ,  c a r r y i n g  the  b a l l )  or i n a b i l i t y  t o
c o n t ro l  the  b a l l  r e s u l t i n g  from an opponents good sho t  or 
the p l a y e r ' s  poor footwork which do not  a l low  the  p la y e r  to  
s e l e c t  an a c t i o n .
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Table 15 c o n ' t  
Decision
Did the  p layer  make an a p p ro p o r la t e  d e c i s i o n  in the  con tex t  of a given 
s i t u a t i o n ?
coded as 1 ; A s t ro n g  d e c i s i o n  was coded as  s e l e c t i o n  of an a p p ro p r ia t e  
a c t i o n  (o f fe n s iv e  or  d e f e n s iv e )  accord ing  to  the  p l a y e r ' s  p o s i t i o n ,  h i s  
opponen t 's  p o s i t i o n ,  and the  p o s i t i o n  of the  b a l l .  The a c t i o n  u s u a l l y  
p la c e s  p re s su re  on the  opponent which may fo rce  the  opponent to  move 
( e . g . ,  s ideways ,  up or back) ,  to  p lay  h i s  weakslde ( e . g . ,  p lac ing  the
b a l l  to  h is  backhand), and/or  to  s t a y  back behind the  b a s e l in e  ( e . g . ,
p lac ing  the b a l l  deep) .  Also the  a c t i o n  may enab le the  p layer  to
recover  h i s  p o s i t i o n  ( e . g . ,  a d e f e n s iv e  lo b ) .
Cafled.as Q:
1. A weak d e c i s i o n  was coded as s e l e c t i o n  of  an I n a p p ro p r ia t e  a c t i o n  
a ccord ing  to  the p l a y e r ' s  p o s i t i o n  on c o u r t ,  how much ang le i s  
a v a i l a b l e ,  and the  oppoonen t 's  p o s i t i o n  on c o u r t  ( e . g . ,  a groundstroke  
r e tu rn e d  to  the opponent a t  the ne t  w i thou t  any a t tem p t  to  pass ,  lob  or 
use o th e r  s t r o k e s  t h a t  would p lace  p r e s s u r e  on the  opponent) u s u a l l y  
a l low ing  the  opponent t o  p la y  an a g g re s s iv e  s h o t .
2. S e l e c t i o n  of  an a p p r o p r i a t e  a c t i o n  w i th in  th e  c o n tex t  o f  only  th e  
p l a y e r ' s  p o s i t i o n  with  the  goal  of  p u t t i n g  the  b a l l  " in  p la y " ,  without  
c o n s id e r in g  the  l o c a t i o n  of  the  b a l l  a nd /o r  th e  opponent 's  p o s i t i o n .
This a c t i o n  u s u a l l y  a l lows the  opponent t o  r e t u r n  the  b a l l  e a s i l y  ( i . e . ,  
r e q u i r i n g  l i t t l e  movement), s t r o k i n g  on h i s  s t r o n g  s i d e  with  minimal 
e f f o r t .
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Table 15 c o n ' t  
ExscwUgn
Did the  p la ye r  execute  the  d e c i s i o n  s u c c e s s f u l l y ?
Coded a s  3 : A fo r c in g  sho t  u s u a l l y  moving the  opponent ( e . g . ,  p lay ing  to  
h i s  weakslde) which may p lace  p re s s u re  on th e  opponent f o r c in g  a weak 
r e tu r n
Coded as  2 : A s ho t  which p laces  l i t t l e  p r e s s u re  or non- fo rc ing  a c t i o n s  
on the opponent ( e . g . ,  the  opponent has the o p p o r tu n i ty  to  s e t  up a 
s t rong  r e t u r n  with  minimal e f f o r t ) .
coded as 1 : A forced  e r r o r  which c o n s i s t s  of a p o in t  l o s t  as  a r e s u l t  of 
the  opponen t 's  good s ho t
Coded as 0 : An unforced  e r r o r  which c o n s i s t s  of a p o in t  l o s t  as  a r e s u l t  
of the p l a y e r ' s  mistake r a t h e r  than  the opponen t 's  good sho t
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P o in t  and s i t u a t i o n  I n te r v ie w s
Performance r e l i a b i l i t y  on 8 s u b j e c t s  was ob ta ined  dur ing  the  p i l o t  
work. The s u b j e c t s  were f i lmed twice ( I . e . ,  with  and without  ve rba l  
r e p o r t s )  p la y in g  6 games dur ing  each f i lm in g .  Four e x p e r t s  and 4 
novices  were coded on the  components of  performance dur ing  each f i lm in g .  
The sco re s  for  each component of performance fo r  serve  and game p lay  
were analyzed s e p a r a t e l y  In a 2 x 2 (E xpe r t i s e  x Filming) ANOVA with 
repea ted  measures on f i lm in g .  A r e l i a b i l i t y  e s t im a te  for  each dependent  
measure ( i . e . ,  d e c i s i o n  and execu t ion)  wa3 ob ta ined  through I n t r a c l a s s  
c o r r e l a t i o n  and were .99 and above in a l l  ana ly se s  fo r  the serve  and 
game play.
I n t e r r a t e r  r e l i a b i l i t y  was c a l c u l a t e d  fo r  the  s i t u a t i o n  and p o in t  
In te rv iew s  In o rder  to determine the c o n s i s t e n c y  in Id e n t i fy in g  the  same 
number of behav iors  and In judging the  q u a l i t y  of the se  behav io r s .  
I n t e r r a t e r  r e l i a b i l t y  of the  s i t u a t i o n  i n t e rv ie w  and the  p o in t  in t e rv ie w  
was determined by 2 e x p e r t s  c l a s s i f y i n g  responses  of 10 of  the  40 
s u b j e c t s  (5 randomly s e l e c t e d  s u b j e c t s  each for  the s i t u a t i o n  and po in t  
i n t e r v i e w s ) .  The behav iors  coded fo r  each ca t e g o ry  of  the  v e r b a l  coding 
ins trum ent ( i . e . ,  t o t a l  concep ts ,  d i f f e r e n t  concep ts ,  q u a l i t y  concep ts ,  
and u n i t  format ion) were c o l l a p s e d  a c ro s s  a l l  q u es t io n s  fo r  the  
s i t u a t i o n  in t e rv ie w  and c o l l a p s e d  a c ro s s  a l l  four  games fo r  the  p o in t  
in t e rv ie w  fo r  each i n d i v i d u a l .  R e l i a b i l i t y  was es t im a ted  by El of 
a g re e m e n ts / ( I  of agreements + d i sag ree m en ts ) )  x 100 = t  for  each 
c a t e g o ry .  The same procedures  o u t l i n e d  in  Phase 1 were fol lowed.  
I n t r a r a t e r  r e l i a b i l i t y  was conducted on 10 s u b j e c t s  (5 fo r  the  s i t u a t i o n  
and 5 fo r  the  p o in t  in t e rv ie w s )  coded on s e p a r a t e  occasions  us ing  the  
same procedures  i n d i c a te d  in the  I n t e r r a t e r  r e l i a b i l i t y  c o n d i t i o n .  The
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coding Instrument was cons idered  r e l i a b l e  fo r  a l l  c a t e g o r i e s  as 
i n t e r r a t e r  r e l i a b i l i t y  ranged from .93 t o  1.00 while i n t r a r a t e r  
r e l i a b i l i t y  was 1.00 fo r  a l l  c a t e g o r i e s .  The remaining p r o to c o l s  were 
scored  by one i n d i v i d u a l .
\
Appendix B 
Extended Review o£ L i t e r a t u r e
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The Development o£ E x p e r t i s e :  Knowledge Base and Performance 
The lead ing  s t r a t e g y  fo r  the  s tudy  of  development t o  da te  Is  
through models adher ing  to  gene ra l  in fo rm a t io n  p rocess ing  ( e . g . ,  Kail  & 
Hagen, 1977; Naus & O rn s te in ,  1983; O r n s t e i n ,  1978; Thomas, 1980, 1984).  
These models,  t y p i c a l l y ,  Include 3 s t a g e s :  a senso ry  s t o r e ,  s h o r t  term 
s t o r e  (working memory) and long te rm s t o r e  (knowledge b a s e ) .  T es t s  of 
the components of developmental  in fo rm at ion  p roces s ing  models were, 
u n t i l  r e c e n t l y ,  conducted w i th in  a u n i d i r e c t i o n a l  flow model. A l a rg e  
amount of  r e s ea rch  was d i r e c t e d  to  the  s h o r t  te rm memory component as  a 
more e f f e c t i v e  s h o r t  term s to r e  he lp s  to  s y n th e s i z e  and 
p ro c e s s l in fo rm a t  ion in long term s t o r e .  Consequently ,  knowledge base 
appeared to  developed In a l i n e a r  fa sh ion  a c r o s s  age.  As a r e s u l t ,  
d e v e lo p m e n ta l i s t s  focused most r e s e a r c h  e f f o r t s  on the  s t r u c t u r a l  
l i m i t a t i o n s  of the  c a p a c i t y  of s h o r t  te rm  memory (see Pascual-Leone & 
Smith, 1969) and f a i l u r e  to  produce and e f f e c t i v e l y  use c o n t ro l
p rocesses  ( I . e . ,  g ene ra l  s t r a t e g i e s  t h a t  a r e  in  d i r e c t  c o n t ro l  of  the
p rocesso r  and found in  working memory) such a s  r e h e a r s a l  s t r a t e g i e s  
(see ,  Chi,  1976; Thomas, 1980, 1984 fo r  r ev ie w s )  or us ing me tacogni t ive  
s t r a t e g i e s  such as moni tor ing ( s ee ,  Brown & Deloach,  1978; F l a v e l l ,  
1976),  with  l i t t l e  a t t e n t i o n  d i r e c t e d  towards  p revious  exper ience  ( I . e . ,  
an Increase  in  the  knowledge b a s e ) ,  o v e r a l l ,  r e s e a r c h e r s  I n v e s t i g a t i n g  
the  components of the  Informat ion  p ro c e s s in g  models cons idered  knowledge 
base to  be a " u n i v e r s a l l y "  age r e l a t e d  d e f l c i t e  Inheren t  in c h i l d r e n ' s  
in form ation  p ro c e s s in g  systems.
This  was not  the  c a s e ,  however, when I n v e s t i g a t o r s  began to  
examine a r e a s  of domain e x p e r t i s e .  In f a c t ,  domain r e l a t e d  knowledge In
some in s ta n c e s  d iminished a l l  o th e r  age d i f f e r e n c e s  in memory and ta sk
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performance when comparing c h i l d  ex p e r t s  w ith  a d u l t  novices  ( e . g . ,  Chi ,  
1977, 1978; Chi & Koeske, 1983; Lindberg ,  1980). As a r e s u l t ,  
r e s e a r c h e r s  of human l e a rn in g  and memory a r e  r e a l i z i n g  m u l t i d i r e c t i o n a l  
flow models ( i . e . ,  an i n t e r a c t i o n  of  the  model components) a r e  nece ssa ry  
fo r  a s s e s s i n g  memory and ta sk  performance.  This a l s o  r e q u i r e s  
v a l i d a t i o n  of th e  e n t i r e  r e s e a r c h  s e t t i n q  a s  v a r i a b l e s  i n t e r a c t  and bear 
complex r e l a t i o n s  to  memory phenomena. O v e ra l l ,  memory phenomena 
observed depend on the  c h a r a c t e r i s t i c s  of the  s u b j e c t s  used,  th e  t e s t i n g  
co n d i t io n s  provided ,  the kinds of m a te r i a l s  s e l e c t e d ,  and what kind3 of 
c r i t e r i o n  measures a re  ob ta ined  ( Jenk ins ,  1979).
How e x p e r t i s e  i s  a cqu i red  has become a q u e s t i o n  of concern  for  
r e s e a r c h e r s  i n t e r e s t e d  in a gene ra l  c o g n i t i v e  th e o ry  of knowledge base 
development and for  those  I n t e r e s t e d  in enhancing performance of 
c h i ld r e n  and a d u l t s  in ve rba l  and/or  s p o r t  s k i l l  a c q u i s i t i o n .  The 
d e f i n i t i o n  of e x p e r t i s e  i s  s t r a i g h t  forward ,  but  the  e x p la n a t io n  of 
e x p e r t i s e  in terms of c o g n i t iv e  f a c t o r s  remains i l l u s i v e .  This  rev iew 
concerning knowledge base w i l l  f i r s t  focus on c o n c e p tu a l i z in g  knowledge 
base through semant ic  frameworks. Next,  an overview of s t u d i e s  
examining c h i l d r e n ' s  knowledge base in  the  v e rb a l  l i t e r a t u r e  w i l l  be 
p resen ted  in o rder  t o  i n v e s t i g a t e  the  r o l e  of  knowledge base in  
developmental  p ro c e s s in g  d i f f e r e n c e s .  Also,  the ways e x p e r t s  and 
novices d i f f e r  a c r o s s  v a r ious  domains of knowledge w i l l  be reviewed in  
order to  examine the  c h a r a c t e r i s t i c s  and development of e x p e r t i s e .  
F i n a l l y ,  r e c e n t  s p o r t  s p e c i f i c  knowledge r e s e a r c h  i s  reviewed t o  examine 
the  In f luence  of s p o r t  knowledge in the  development of  s p o r t  e x p e r t i s e .  
Fu tu re d i r e c t i o n s  w i l l  cons ide r  new approaches  t o  u l t i m a t e l y  i n c re a s e  
unders tand ing  of  the r e l a t i o n  between knowledge base and performance.
75
The C o n c e p t u a l i z a t i o n o f  Knowledge
What changes,  in  terms of  knowledge base development,  as  
I n d iv id u a l s  a t t a i n  in c re a s in g  competence has been examined w i th in  
v a r ious  r e s e a r c h  paradigms.  Researchers  c o n t r a s t i n g  e x p e r t s  and novices  
in s p e c i f i c  domains g e n e r a l l y  speak of an e x p e r t s  s u p e r io r  performance 
in terms of s t r u c t u r a l  d i f f e r e n c e s .  The te rm s t r u c t u r a l  i s  somewhat 
con fus ing ,  and fo r  purposes of t h i s  review s t r u c t u r a l  knowledge w i l l  
r e f e r  to  changes in  the  p r o p e r t i e s  of  the  n a tu re  of  the  r e p r e s e n t a t i o n  
which c o n s i s t s  of nodes and l i n k s  (Chi & Rees,  1984). In otherwords ,  
changes in the  s t r u c t u r e  of knowledge with  exper ience  r e f e r  t o  the  
c o n f i g u r a t i o n  of nodes and l i n k s  ( i . e . ,  the  number of l i n k s ,  s t r e n g t h  of 
the  l i n k s ,  and the  I n t e r n a l  cohes ion of the  network) r a t h e r  than  the  
number of nodes or mode of r e p r e s e n t a t i o n .
Memory t h e o r i s t s ,  have co n ce p tu a l ized  va r ious  semantic frameworks 
in many ways s i m i l a r  to  computer models ( e . g . ,  Anderson, 1976, 1982; 
Horman & Rumelhart ,  1975).  Some rega rd  th e  s t r u c t u r e  of knowledge base 
as more g e n e r i c  in terms of  the  knowledge domain such a s  C h i ' s  (1982) 
p ro c e d u ra l ,  d e c l a r a t i v e ,  and s t r a t e g i c  knowledge. Other frameworks a re  
more c o n t e n t  s p e c i f i c  such as  C h ie s l ,  S p l l i c h ,  and V oss ' s  (1979) 
h i e a r c h l a l  o r g a n i z a t i o n  based on the  goal  s t r u c t u r e s  of a s p o r t  domain 
( i . e . ,  b a s e b a l l  knowledge).
i n  the  g e n e r i c  model, both  d e c l a r a t i v e  (knowledge of f a c t u a l  
in fo rm at ion)  and p rocedu ra l  (knowledge of  how to  do th i n g s )  a r e  domain 
s p e c i f i c .  S t r a t e g i c  knowledge I s  cons ide red  as  genera l  mnemonic r u l e s  
or  s t r a t e g i e s  a p p l i c a b l e  a c ro s s  a wide v a r i e t y  of  domains.  Although 
evidence has determined th e  e x p e r t  c h i ld  i s  capab le  In some case s  or  
o v e r r i d i n g  a l l  o th e r  developmental  d i f f e r e n c e s  ( e . g . ,  Chi ,  1977, 1978),
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t h i s  concept  of  the  development of gene ra l  s t r a t e g i c  knowledge a l lows 
fo r  F l a v e l l ' s  (1978) age r e l a t e d  p roduc t ion  d e f i c i e n c i e s  noted in 
c h i l d r e n .  That i s ,  In most c a s e s ,  c h i l d r e n  w i l l  have l e s s  co n te n t  and 
s t r a t e g i c  knowledge and f a l l  to  produce a workable s t r a t e g y  as 
spon taneous ly  or In the  same way as  a d u l t s  ( e . g . ,  Bellmont &
B u t t e r f i e l d ,  1971; Gallagher  & Thomas, 1984, 1986).
The h l e r a r c h i a l  s t r u c t u r e  proposed by S p l l l c h ,  Vesonder, Chlese ,  
and Voss (1979) and C h le s l ,  S p l l l c h ,  and Voss (1979) was de r ived  from 
the  na tu re  of t h e i r  experimenta l  domains.  They In v e s t i g a t e d  s p o r t  
( i . e . ,  b a s e b a l l )  knowledge and proposed h l e r a r c h i a l  l e v e l s  were formed 
a ccord ing  to  the goal  s t r u c t u r e  of  the game ( e . g . ,  winning) with s e t t i n g  
even ts  c o n s i s t i n g  of sequences of game s t a t e s  ( the e x i s t i n g  co n d i t io n s  
In a game a t  any given time) and game a c t i o n s  (an a c t i o n  or s e r i e s  of 
a c t i o n s  occuring  dur ing  the  course of the  game t o  produce a change in 
the  game s t a t e ) .  An example of a game s t a t e  would be,  "two outs  runners  
on f i r s t  and t h i r d " .  A game a c t i o n  example could  c o n s i s t  of "a h i t  
u s u a l l y  r e s u l t s  In a t  l e a s t  one runner on base" .  Knowledge Is  used to  
execute  game a c t i o n s  which w i l l  produce changes In game s t a t e s  t o  
accompli sh the  a p p r o p r i a t e  goal  or subgoal .
The d e c l a r a t i v e / p r o c e d u r a l  knowledge dichotomy may be hazardous  in  
the  a r e a  of  motor behav io r .  In s p o r t ,  Thomas, French ,  and Humphries 
(1986) f e e l ,  i t  i s  imposs ib le  to  d i s t i n g u i s h  between the  two as a 
procedure or p roduc t ion  system could  r e f e r  t o  a s e r i e s  of  l f - t h e n  
s t a t e m e n t s  t h a t  would apply  to  a c e r t a i n  s i t u a t i o n  or  to  the  c o n t r o l  of 
a s e r i e s  of movements ( i . e . ,  by a motor program).  As a r e s u l t ,  Thomas 
e t  a l . ( 1 9 8 6 )  f e e l ,  t h e  h l e r a r c h i a l  goal  s t r u c t u r e  may be more 
c o n c e p tu a l ly  p roduc t ive  In the  a r e a  of  s p o r t  performance.
77
Knowledge Base and Developmental P rocess ing  D if fe rences
Findings  in  the  v e rb a l  l i t e r a t u r e  examining knowledge base 
i n d i c a t e :
1. the  r e c a l l  of newly p re sen te d  m a t e r i a l  may vary  accord ing  to
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o n e ' s  p r i o r  knowledge of the p resen ted  m a te r i a l  ( e . g . ,  Brown, Smiley,  
Day, Townsend, & Lawton, 1977; Chi & Koeske, 1983),
2. changes in knowledge base may r e f l e c t  developmental  d i f f e r e n c e s  
r a t h e r  than  a g e - r e l a t e d  d i f f e r e n c e s  a t t r i b u t e d  to  the c a p a c i t y  of  s h o r t  
term memory or to  the use of c o n t ro l  p rocesses  ( e . g . ,  Bjorkland & Zeman, 
1982; Brown & DeLoache, 1978; Chi,  1982; H utten locher  & Burke, 1976; 
Markman, 1979; O rns te in  & Naus, 1983),
3. domain r e l a t e d  knowledge may d im in ish  a l l  o the r  age d i f f e r e n c e s  
when comparing c h i l d  e x p e r t s  with a d u l t  novices  ( e . g . ,  Chi,  1977, 1978; 
Chi & Koeske, 1983; Lindberg ,  1980) and
4. c h i l d r e n ' s  reason ing  a b i l i t i e s  a r e  due to  knowledge s t r u c t u r e  
r a t h e r  than  a b s t r a c t  s k i l l s  of reason ing  acqu i red  with  m a tu r i t y  ( e . g . ,  
Gobbo & Chi,  1986)
Ear ly  s t u d i e s  examined knowledge base development in c o n s t r u c t i v e  
memory paradigms.  T y p i c a l l y ,  a s t o r y  was p resen ted  and s u b j e c t s  were 
asked t o  r e c a l l  i t .  Within t h i s  paradigm, Brown e t  a l .  (1977) found 
o ld e r  c h i l d r e n  with  more knowledge of  th e  to-be-remembered m a t e r i a l ,  
were ab le  to  recogn ize  the  r e l a t i o n  of the  new Informat ion  to  t h e i r  
e x i s t i n g  knowledge.
in  some In s t a n c e s ,  knowledge base development was cons idered  the  
c a u s a l  f a c t o r  of  what was p r e v io u s l y  thought t o  be a g e - r e l a t e d  c a p a c i t y  
or  s t r a t e g y  d i f f e r e n c e s .  In two r e c a l l  s t u d i e s ,  when the  exper imenters  
used meaningful s t i m u l i ,  f i r s t  g ra d e r s  (Bjork land e t  a l . ,  1982) and
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k l n d e r g a r tn e r s  (Chi,  1982} were found capab le  of us ing a d u l t - l l k e  
c l u s t e r i n g  and s p a t i a l  systems to  cue memory. Examining th e se  r e s u l t s ,  
Chi (1982) proposed t h a t  powerful  mnemonic s t r a t e g i e s  may be acqu i red  
only  a f t e r  people th o rough ly  know th e  to-be-remembered m a t e r i a l .  
D i f f e rence s  in  d i g i t  span ( c a p a c i ty  d i f f e r e n c e s ) ,  formal ly  a t t r i b u t e d  to  
c h i l d r e n ' s  lack  of r e h e a r s a l  s k i l l s ,  were a l s o  a t t r i b u t e d  t o  d i f f e r e n c e s  
in the  to-be-remembered m a te r i a l  (knowlege b a s e ) .  S im i la r ly ,  
H u tten locher  e t  a l .  (1976) found primacy e f f e c t s  (a s ign  of r e h e a r s a l )  
were as ev id e n t  for 4 -y ea r -o ld s  a s  1 1 - y e a r - o l d s .  They p o s tu l a t e d  lack ' 
of knowledge base as the causa l  f a c t o r  of s h o r t e r  spans,  r a t h e r  than 
r e h e a r s a l ,  as  c h i l d r e n  knowing l e s s  about  the  Items r eq u i re d  more time 
to  a t t e n d  to  the  i t ems.
Child ren  a r e  more l i k e l y  t o  have " g e n e r a l i z e d "  metacogni t ion  
d e f l c l t e s  as  they ,  more o f t e n  than a d u l t s ,  f i n d  themselves in a problem 
s o lv in g  s i t u a t i o n  wi thou t  the  nece ssa ry  knowledge about how and what to  
th ink  under new c i rc u m s tan c es .  However, t h i s  Is  not n e c e s s a r i l y  age 
r e l a t e d .  Gros3 Inexper ience  p r e s e n t s  th e  same problem in  which 
metacogni t ion  Is  s i m i l a r  In a d u l t  novice c h e s s  p la y e r s  (Chi,  1978) as 
well  as  very  young ca rd  p la y e r s  (Markman, 1979) .  Brown and DeLoache 
(1978) s p e c u la t e  as  one p ro g re s s e s  towards e x p e r t i s e  ( I . e . ,  l e a rn in g  the 
necessa ry  r u l e s  and s u b p ro c e s s e s ) ,  a t r e n d  o f  s e l f - r e g u l a t i o n  fo l lows  
l i t t l e  s e l f - r e g u l a t i o n ,  a c t i v e  d e l i b e r a t e  s e l f - r e g u l a t i o n ,  and f i n a l l y  
au tom lza t ion  a s  a r e s u l t  of  o v e r l e a r n in g  ( e . g . ,  Simon & Simon, 1978).
C h i ' s  work (1977, 1978} was i n s t r u m e n ta l  In dem onst ra t ing  the 
in f lu en ce  of s p e c i f i c  c o n te n t  knowledge r e g a r d l e s s  of  age .  Child 
e x p e r t s  dem onst ra ted ,  in a s p e c i f i c  c o n te n t  ( c h e s s ) ,  the  a b l i t y  to  out  
perform a d u l t  novices  even when th e y  lacked  s o p h i s t i c a t e d  mnemonic
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s t r a t e g i e s .  Chi (1978) compared 10-year old  chess  e x p e r t s  with  a d u l t  
chess nov ices .  The t a s k  c o n s i s t e d  of a 10 s  p r e s e n t a t i o n  of chess  
p ie ces  organized  on a chess  board followed by a rep ro d u c t io n  t e s t  on an 
empty chess board .  The c h i l d r e n  e x h i b i t e d  s u p e r io r  s h o r t  te rm memory 
for  chess  c o n f ig u r a t io n s  when compared to  the  a d u l t  nov ices .  Opposite 
t h i s ,  the se  same a d u l t  novices  demostrated  the usual  s u p e r i o r i t y  of 
r e c a l l  when adm in is te re d  a backward d i g i t  span t a s k .  Haus and O rns te in  
(1963) f e e l  th e se  r e s u l t s  were primary in l i n k in g  the change in 
knowledge base to  the performance of c h i l d r e n ' s  developing  memory 
s t r a t e g i e s .  D eve lopm eta l l s t s  a re  now examining the r o l e  of knowledge 
base in terms of develpmental  p roces s ing  d i f f e r e n c e s .  The changes in 
knowledge base as i n d i v id u a l s  a t t a i n  in c re a s in g  competence a r e  being 
explored .
The a b i l i t y  of the knowledge base to  reduce well  known 
developmental  d i f f e r e n c e s  in memory performance was a l s o  examined by 
Llndberg (1980).  He v a r i e d  the  encoding s t r a t e g i e s  ( e . g . ,  exper imenter  
i n s t r u c t i o n s )  w i th in  an i n c i d e n t a l  l e a rn in g  paradigm fo r  k in d e rg a r t e n ,  
s i x t h  g rade ,  and a d u l t  s u b j e c t s .  The r e s u l t s  i n d i c a te d  c o n d i t i o n s  which 
equated s u b j e c t s  a long  the  dimension of t h e i r  knowledge base Increased  
r e c a l l .  Llndberg (1980) in a second exper iment  r e p l i c a t e d  C h i ' s  (1978) 
s tu d y  and found s i m i l a r  r e s u l t s  a s  c h i ld r e n  with  g r e a t e r  knowledge of  
the to-be-remembered m a te r i a l  ( i . e . ,  names of  ca r toon  c h a r a c t e r s )  
e x h i b i t e d  s u p e r io r  r e c a l l  compared to  the  a d u l t s .
Chi and K o esk l ' s  (1983) d inosaur  s tu d y  advanced developmental  
f in d in g s  in  terms of what c o n s t i t u t e s  b e t t e r  knowledge s t r u c t u r e .  A 
small  boy (4 1/2 yea rs  o ld )  who's hobby was d in o sau r s  was examined.  
Through two t a s k s ,  th e y  determined the  s t r u c t u r e  of the  c h i l d ' s
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knowledge by h i s  v e rb a l  r e p o r t s .  The c h i l d  demonstrated  20 well  known 
and 20 l e s s e r  known d inosaur  names. A semant ic  network r e p r e s e n t a t i o n  
was used as a framework w i th in  which t o  view the  knowledge s t r u c t u r e .  
This  c o n s i s t e d  of a number of nodes of knowledge c l u s t e r e d  in to  
meaningful groups with  connec t ions  w i th in  and between groups by 
meaningful  r e l a t i o n s .  A year l a t e r  the  c h i l d  r e c a l l e d  11 of  the  20 
d inosau rs  of the  well  known group ( I . e . ,  the  b e t t e r  s t r u c t u r e d  memory 
s e t )  but only  2 of the  20 he was l e s s  f a m i l i a r  w ith .  The d i f f e r e n t i a l  
r e c a l l ,  r e t e n t i o n ,  and c l u s t e r i n g  measures ob ta ined  on the two s e t s  of 
knowledge were a t t r i b u t e d  t o  b e t t e r  known s t i m u l i  matching the s t r u c t u r e  
of the  c h i l d ' s  knowledge base ( I . e . ,  the  number of d i r e c t  and I n d i r e c t  
l i n k s  among d inosaur  concep ts ,  the  s t r e n g t h s  of l i n k a g e s ,  the p a r t i c u l a r  
I n t r a -  and l n t e r - l i n k a g e s )  (Chi & Koeski,  1983).  This s tudy  employing a 
w ith in  s u b j e c t  des ign  which inc reased  the  a b i l i t y  to  assume t h a t  
c a p a c i t y  l i m i t a t i o n s  remained r e l a t i v e l y  i n v a r i a n t  under the  two 
d i f f e r e n t  s t im u lus  c o n d i t i o n s .  F u r t h e r ,  concept  knowledge c o n s i s t e d  of 
d a t a  genera ted  by the s u b j e c t  r a t h e r  than  s t r u c t u r e  based on 
exper imenter  assumptions or th e o ry  a. p r i o r i .
Gobbo and Chi (1986) i n v e s t i g a t e d  "how" the  degree of  s t r u c t u r e  
p r e d i c t s  the  degree of  success  of performance on memory and r e l a t e d  
t a s k s .  In the  domain of  d in osau r  knowledge, high  knowledge and low 
knowledqe c h i ld r e n  were qiven a p roduc t ion  t a s k  ( i . e . ,  "say e v e r y t in q  
you can about  the  word p r e s e n te d " )  and a s o r t i n g  t a s k  ( i . e . ,  " s o r t  the  
p i c t u r e s  of the  d lonosaurs  and t e l l  why").  Knowledge s t r u c t u r e  was 
based on p ro to co l  measures ( i . e . ,  the f requency  of  use of  connec ting  
words, the  frequency of t o p i c s  in  r e l a t i o n  t o  a given t o p i c ,  and t h e i r  
r u l e s  for  de te rmin ing  c l a s s  membership) . Of s i g n i f i c a n c e ,  was how t h i s
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knowledge was used In l e a rn in g  new d inosaur  concepts  and In making 
d e c i s i o n s  about  f a m i l i a r  d in osau r  concep ts .  Verbal r e p o r t s  were used to  
analyze  the  frequency with  which new i m p l i c i t  in formation  was in fe re d  
and the  frequency of semantic comparisons.  The r e s u l t s  in d i c a t e d  the  
e x p e r t ' s  more s t r u c t u r e d  and cohes ive  knowledge in f luenced  d i f f e r e n c e s  
in what was focused on dur ing  problem s o lv in g :  novice c h i l d r e n  focused
on the s u r f a c e  ( e x p l i c i t )  f e a t u r e s  of concep ts ,  whereas e x p e r t s  focused 
on more a b s t r a c t  or d e e p - l e v e l  ( i m p l i c i t )  concepts .  As a r e s u l t ,  e x p e r t  
c h i l d r e n  could f a c i l i t a t e  t h e i r  use and access  of knowledge in a more
s o p h i s t i c a t e d  way. O v e ra l l ,  ex p e r t s  were ab le  to  i n f e r  i m p l i c i t
Informat ion  about  unknown d in o s a u r s ,  reason  a n a l o g i c a l l y  in terms of 
comparing the  s i m i l a r i t y  of d inosau rs  and reason with the presence  or 
absence of a f e a t u r e  to  determine c l a s s  membership.
O v e ra l l ,  knowledge base ,  once regarded  t o  be an in h e re n t  d e f i c l t e  
In c h i l d r e n ' s  Informat ion  p rocess ing  systems,  Is  now cons ide red  a 
c r u c i a l  dimension of  development.  Recent  r e s e a r c h  dem onst ra tes  
knowledge base has the  a b i l i t y  to  reduce well  known developmental  
d i f f e r e n c e s  in  in fo rm at ion  p rocess ing  and can in f luence  th e  s ucces s  of 
performance on memory and r e l a t e d  t a s k s  r e g a r d l e s s  of age.
The Development of BXM itlas.
Since much of  o n e ' s  knowledge base I s  domain s p e c i f i c ,  t h e  s tu d y  of
e x p e r t s  may lead  to  an unders tand ing  of how knowledge Is  developed and 
how e x p e r t i s e  i s  a c q u i r e d .  U l t im a te ly ,  the  changes t h a t  u nde r ly  the  
development of  e x p e r t i s e  in  ge n e ra l  may a l s o  be s i m i l a r  to  those  t h a t  
u n d e r l i e  a g e - r e l a t e d  d i f f e r e n c e s .  Adult e x p e r t s  a c ro s s  domains a r e  
found to  be s i m i l a r  in  terms of :  (a) knowledge s t r u c t u r e ,  (b) p rocess ing  
of  inpu t  in fo rm at ion ,  and (c) approaches  t o  s o lv in g  problems.
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O v e ra l l ,  the  knowledge s t r u c t u r e  of e x p e r t s  when compared to  
novices  e x h i b i t s :  more concep ts ,  more r e l a t i o n s  d e f in i n g  each concep t ,  
more r e l a t i o n s  i n t e r c o n n e c t in g  concep ts ,  more ro b u s t  r e l a t i o n s  for  
r e t r i e v i n g  r e l a t e d  concep ts ,  and more p rocedures  ( i . e . ,  d e c i s i o n  r u l e s )  
concern ing  how to  perform in  response  to  s p e c i f i c  s i t u a t i o n s  ( e . g . ,
Chase & Simon, 1973a,b;  Chi,  F e l t o v lc h ,  & G las e r ,  1981; Chi & G lase r ,  
1980).  Some d i s c rep e n cy  has been noted in  s p e c i f i c  domains ( i . e . ,  
c l i n i c a l  d ia g n o s i s )  but  t h i s  may be due t o  the  na tu re  of the  domain 
i n v e s t ig a t e d  (Murphy S Wright , 1984).
The e x p e r t ' s  knowledge s t r u c t u r e  i s  a l s o  l inked  to  the p roces s ing  
of input  in fo rm at ion ,  t h a t  i s ,  the  a b i l i t y  t o  encode more r a p i d l y  and /o r  
encode in l a rg e r  u n i t s  ( e . g . ,  B e r l i n e r ,  1986; Chase & Simon, 1973a,b;  
Housner & G r i f f e y ,  1985; Lesgold,  F e l to v lc h  , G la s e r ,  & Wang, 1981; 
Shaveneveldt ,  Durso, Goldsmith,  Breen,  & Cooke, 1985).  The e x p e r t ' s  
f a s t  and a c c u r a t e  p a t t e r n  r e c o g n i t i o n  denoted in r e c a l l  t e s t s  occurs 
only when the  p a t t e r n  r e c a l l e d  i s  a fu n c t io n  of exper ience  ( e . g . ,  a 
f a m i l i a r  chess  p a t t e r n ) .  This  encoding a b i l i t y  i n d i c a t e s  d i f f e r e n c e s  
a t t r i b u t e d  t o  o n e ' s  s p e c i f i c  knowledge r a t h e r  than  s u p e r io r  memory 
c a p a c i t y  (A l la rd  & B u rn e t t ,  1965).  Many t h e o r i s t s  have used Chase and 
Simon's  (1973 a , b )  5 -sec  r e c a l l  paradigm, a t t r i b u t i n g  th e  r e s u l t s  t o  
e x p e r t ' s  chunking s k i l l  a c ro s s  a v a r i e t y  of  domains from music (Slaboda,  
1979) t o  b r idge  (Charness,  1979). Other t h e o r i s t  propose,  the  
p roces s ing  of  Input  Informat ion  may not  be due t o  d e l i b e r a t e  s t r a t e g i e s  
bu t  t o  the  au tomat ic  e x e r c i s e  of  a s s o c i a t i v e  pathways in  the  knowledge 
base in some form of a " r e t r i e v a l  s t r u c t u r e "  ( fo r  a rev iew see  Chase & 
Er lccson ,  1981).
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S i m i l a r i t i e s  a r e  a l s o  denoted In the  ways e x p e r t s  approach problem 
s o lv in g  or focus on the  problem t o  be so lved  ( fo r  reviews see B e r l i n e r ,  
1986; Thomas, French,  & Humphries, 1986). Exper ts  r e p r e s e n t  problems a t  
more a b s t r a c t  l e v e l s  making in f e r e n c e s  about  o b j e c t s  and ev e n t s ,  whereas 
novices  r e p r e s e n t  problems to  be so lved  by su r f a c e  f e a t u r e s  making 
in f e r e n c e s  from l i t e r a l  views of  o b je c t s  and ev e n t s .  These f in d in g s  a re  
e v id en t  in phys ics  ( e . g . ,  Chi,  F e l t o v l c h ,  a G la se r ,  1981; Simon & Simon,
1978),  computer programming ( e . g . ,  Adelson,  1981, 1984; McKeithen, 
Reltman, R ue te r ,  & H l r t l e ,  1981; Schneiderman,  1977), games (Charness,  
1979; Reltman, 1976), and p h ys ic ians  (P a t e l  & Groen, 1986).
The a b s t r a c t  r e p r e s e n t a t i o n  of e x p e r t s  i s  e x h i b i t e d  in r e l a t i o n  to  
t h e i r  goal  s t r u c t u r e  of the  problem. One of  many examples i s  found In 
e x p e r t  and novice phys ic ians  c l i n i c a l  d i a g n o s i s .  P a t e l  and Groen (1986) 
found e x p e r t s  c o r r e c t  d ia g n o s i s  of a case  was due to  t h e i r  medical 
reason ing  embedded in t h e i r  knowledge s t r u c t u r e ,  whereas novices 
d ia g n o s i s  ( u s u a l l y  In accu ra te )  was based on r u l e s  gene ra ted  in  the  
l i t e r a l  f e a t u r e s  of the  case  t e x t .  In some domains,  v e r b a l  r e p o r t s  
in d i c a t e  d e t a i l s  of th e s e  p rocesses  a r e  h idden,  as  e x p e r t s  a r e  unaware 
of  t h e i r  d e c i s i o n  making p ro c e s s ,  t h a t  i s ,  the  d e t a i l s  of how they  d id  
i t  (Adelson,  1984). However, t h i s  may vary  accord ing  t o  the  domain or  
methodology of  the  r e s e a r c h .
Metacognlt lve  a c t i v i t i e s  or s p o r t  s p e c i f i c  s t r a t e g i e s  ( e . g . ,  
p lann ing ,  moni to r ing  outcomes) a r e  a l s o  s i m i l a r  fo r  e x p e r t s .  B e r l in e r  
(1986) no tes  e x p e r t  t e a c h e r s  a r e  s i m l l l a r  in  t h e i r  p lann ing  a c t i v i t i e s  
t h a t  take  p lace  p r i o r  t o  t h e i r  encounter  with  the  problem such a s :  an 
awareness of  t ime (Hanninlne,  1985),  s e n s i t i v i t y  t o  t a s k  demands 
(Housner & G r i f f e y ,  1985),  and s k i l l f u l  a l t e r n a t i v e  p lann ing  o f . p o s s i b l e
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occucences .  Also,  Chi and Glaser  (1980) found novices  were s i m i l a r  In 
t h e i r  metacogn l t lve  a c t i v i t i e s  as  they  ques t ioned  t h e i r  s o l u t i o n s ,  
e r r o r s ,  and goa ls  of the  problem.
One g e n e r a l l z a b l e  f ind ing  ac ros s  a l l  domains Is  t h a t  e x p e r t i s e  i s  
a cqu i red  over the yea r s  and with much p r a c t i c e .  O v e ra l l ,  domain 
e x p e r t s '  s t r u c t u r e  of knowledge, encoding a b i l i t y ,  and approach to  
problem s o lv in g  a l low s :  (a) f a s t e r  and more a c c u r a t e  d e c i s i o n s ,  (b) 
qu icker  responses  due to  a n t i c i p a t i o n  and p r o b a b i l i t i e s ,  (c)  a b i l i t y  to  
work a t  a higher  l e v e l  of problem so lv in g ,  and (d) an Increased  a b i l i t y  
to  s e l e c t  an a p p r o p r i a t e  s t r a t e g y .
In some domains ( e . g . ,  t e ach ing )  problems a r e  noted when examining 
e x p e r t i s e  such as  s e t t i n g  c r i t e r i a  s tan d a rd s  and which a rea s  should 
denote  knowledge e x p e r t i s e  ( e . g . ,  s u b j e c t s  to  be t a u g h t ,  and /  or 
classroom management s k i l l s ) .  Also,  in c re a s e s  in terms of ta sk  
performance or problem s o lv in g  a b i l i t y  may not  always be the case  as one 
p ro g re s s e s  towards e x p e r t i s e .  P a t e l  and Groen (1986) found medical 
s tu d e n t s  out -per fo rmed  in t e r n s  in case  d i a g n o s i s .  That  I s ,  the i n t e r n s  
had a tendency  t o  overd iagnose p a t i e n t s .  They c a u t io n ,  fo r  a good 
th e o ry  of  how one a c q u i r e s  e x p e r t i s e ,  r e s e a r c h e r s  should add ano ther  
group of in t e rm e d ia te  performers  in  o rder  t o  e s t a b l i s h  p ro g re s s io n  
towards  e x p e r t i s e .  '
The Development of Soor t  E x p e r t i s e
The In f luence  of  knowledge base in  h ig h ly  s t r u c t u r e d  g o a l -o r i e n t e d  
s p o r t s  may I l l u s t r a t e  s i m i l a r  c h a r a c t e r i s t i c s  of  e x p e r t i s e  ( e . g . ,  f a s t e r  
and more a c c u ra te  d e c i s i o n s )  mentioned e a r l i e r .  Sport  performance 
r e q u i r e s  no t  only  a r e p e t o l r e  of  motor s k i l l s  bu t  c o g n i t iv e  s k i l l s  as  
w e l l .  U n t i l  r e c e n t l y ,  however, th e s e  c o g n i t i v e  s k i l l s  were not  examined
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as  an Important  a s p e c t  o£ s k i l l e d  performance.  Researchers  I n t e r e s t e d  
in  c h i l d r e n ' s  ( s ee ,  Thomas e t  a l . ,  1986 for  a review) and a d u l t ' s  (see 
A l la rd  & B u rn e t t ,  1985) motor s k i l l  a c q u i s i t i o n  a re  now r e a l i z i n g  the  
in f luence  of  p rev ious  exper ience  in s p o r t  s k i l l  performance should  be 
examined fo r  p r a c t i c a l  as  well  as  t h e o r e t i c a l  purposes .
Sport  e x p e r t s ,  as  in o the r  domains, e x h i b i t  an ex t e n s iv e  seman t ic  
network of s p o r t  s p e c i f i c  knowledge. Chie si  e t  a l .  (1979) and S p l l l c h  
e t  a l . (1979) I n v e s t i g a t e d  t e x t  p rocess ing  of high  and low knowledge 
a d u l t s  In the  domain of b a s e b a l l .  Although th e se  s t u d i e s  did  not  
i n v e s t i g a t e  knowledge base in terms of a c t u a l  s p o r t  per formance,  t h e i r  
r e s u l t s  and o th e r s  ( e . g . ,  A l la rd ,  Graham, & P a a r s a lu ,  1980; S ta rk e s  & 
Deakln,  1984) suppor t  f in d in g s  reviewed e a r l i e r  in the  v e rb a l  l i t e r a t u r e  
and add to  our in form ation  about  how knowledge base in f lu e n c e s  s p o r t  
performance ( fo r  a review, see Thomas, French & Humphries, 1986).
A h l e r a r c h i a l  knowledge s t r u c t u r e  of b a s e b a l l  was p o s t u l a t e d  by 
Chlesi  e t  a l .  (1979) and S p l l l c h  e t  a l .  (1979) t o  c o n s i s t  of  the  games 
goal  s t r u c t u r e ,  the s t a t e s  and a c t i o n s  of the game, and Informat ion  
concern ing the  s e t t i n g  in  which the  game t a k es  p la c e .  F ind ings  were 
c o n s i s t e n t  with  t h i s  type of s t r u c t u r e  a s  d i f f e r e n c e s  of  h igh and low 
knowledge a d u l t s  were found in  terms of  (a)  knowledge of  th e  goal  
s t r u c t u r e ,  (b) knowledge of how the  a c t i o n s  and the  s t a t e s  r e l a t e  t o  the  
goal  s t r u c t u r e  and (c) the  p roces s ing  of the  sequences of  game a c t i o n s .  
That I s ,  h igh knowledge in d i v id u a l s  organ ized  Info rmat ion  h igher  in the  
goal  s t r u c t u r e ,  and genera ted  more p o s s i b l e  game a c t i o n s  which were
r e l a t e d  to  h ighe r  o rde r  g o a l s .  This approach to  s o lv in g  the  problem a t
a h ighe r  l e v e l  I s  s i m i l a r  t o  o the r  domains where e x p e r t s  were more
a b s t r a c t  In t h e i r  problem s o lv in g .  Also,  high  knowledge a d u l t s  r e c a l l e d
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l a r g e r  chunks of  In format ion  which were u s u a l l y  organized  as a given 
sequence of a c t i o n s .  The p rocess ing  of  inpu t  in form at ion  was sp e c u la te d  
to  be r e l a t i v e  the goal  s t r u c t u r e  of the game. Also,  the  ex p e r t s  were 
b e t t e r  a t  moni to ring  and d e t e c t i n g  changes in  game a c t i o n s  and s t a t e s  
and r e l a t i n g  th e s e  to  the goal  s t r u c t u r e ,  c h l e s l  e t  a l .  (1679) and 
S p i l i c h  e t  a l .  (1979) s p e c u la t e  t h a t  in  o rde r  t o  develop a high 
knowledge of a s p o r t ,  an In d iv id u a l  must f i r s t ,  unders tand  the  goal  
s t r u c t u r e  and be exposed to  a l a rg e  number of qames. F u r th e r ,  he or she 
must l e a rn  to  i n t e r p r e t  the game a c t i o n s  in terms of the  games goal 
s t r u c t u r e  which may r e q u i r e  I n s t r u c t i o n .
A lla rd  and Burne t t  (1985) examined b a s k e t b a l l  e x p e r t s  and novices  
p i c t u r e  s o r t i n g  of  p la y  s i t u a t i o n s .  A c l u s t e r  a n a l y s i s  r evea led  the  
novices s o r t e d  on a su r f a c e  l e v e l  ( i . e . ,  on s i n g l e  s k i l l s  and number of 
p l a y e r s ) ,  whereas e x p e r t s  s o r t e d  on a more a b s t r a c t  or deeper l e v e l  
( i . e . ,  what the  p la y e r s  were doing in terms of  o f f e n s e ) .  Research in 
o the r  s p o r t s ,  a l s o  i n d i c a t e s  e x p e r t s  p rocess  inpu t  Informat ion  
d i f f e r e n t l y  for  making p r e d i c t i o n s  of  the  f l i g h t  of  an o b je c t  and for  
making d e c i s i o n s  w i th in  the  c o n t e x t  of  o f f e n s iv e  and d e fen s iv e  
c o n f ig u r a t i o n s  ( e . g . ,  Bard £ F lu e ry ,  1976, 1981; Jones & Miles,  1978), 
S im i la r  to  o the r  n o n - s p o r t  e x p e r t s ,  a d u l t  f i e l d  hockey p la y e r s  (S ta rk es  
& Deakin, 1980) and b a s k e t b a l l  p l a y e r s  e x h i b i t e d  s e n s i t i v i t y  on ly  in 
regards  to  a c t u a l  game s t r u c t u r e s  or p a t t e r n s  (A l la rd ,  Graham, & 
P a a r s u la ,  1980) occurlng  in  the  s p o r t .  However, A l la rd  and S ta rkes  
(1980) found e x p e r t  v o l l e y b a l l  p l a y e r s  were b e t t e r ,  r e g a r d l e s s  of  th e  
p r e s e n t a t i o n  c o n t e x t ,  which may i n d i c a t e  t h i s  r e l a t i o n  Is  s p o r t  
s p e c i f i c .  F u r th e r ,  t h e y  sugges t  t h a t  p e r c e p tu a l  s t r a t e g i e s  may vary  
a c ro s s  s p o r t s  as  a fu n c t io n  of  the  speed and complexity  of the  s p o r t .
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w ith in  a s p o r t  s p e c i f i c  domain, Thomas, e t  a l .  (1986) s p e c u la te  
t h a t  the r o l e  knowledge base development p la ys  in s p o r t  performance i s  
due t o  more e f f e c t i v e  and e f f i c i e n t  response s e l e c t i o n  ( i . e . ,  in l e s s  
time and with  l e s s  Info rmat ion)  w i th in  the  c on tex t  of a game s i t u a t i o n .  
That i s ,  Increased  performance of high  knowledge p l a y e r s  i s  due to  
access  t o  more and b e t t e r  in form at ion  reduc ing  p rocess ing  t ime and a 
g r e a t e r  a b i l i t y  to  monitor  changes in goal  s t a t e s  and a c t i o n s  through 
s p o r t  s p e c i f i c  s t r a t e g i e s  ( C h ie s i ,  e t  a l . ,  1979; S p i l i c h ,  e t  a l . ,
1979).
Housner (1981),  examined the r e l a t i o n  between knowledge s t r u c t u r e  
and c o g n i t iv e  p rocesses  of an e x p e r t  and novice a d u l t ' s  badminton p lay .  
O v e ra l l ,  the  expe r t  e x h i b i t e d  more s t r a t e g i c  concep ts ,  more 
In te rc o n n e c t io n s  among concepts  and more p roduc t ion  systems ( i f - t h e n  
s ta t em en t s )  s to r e d  in memory, a s  a  r e s u l t ,  Housner (1981) proposed the 
e x p e r t ' s  s t r a t e g y  for s o lv in g  the  badminton problem Involved the 
"chunking" of p e r t i n e n t  Informat ion  in  o rde r  t o  make an a p p r o p r i a t e  
s t r a t e g i c  re sponse .  The novice had no reason  t o  g a th e r  and chunk 
in form at ion  due t o  h i s  l e s s  s t r a t e g i c  knowledge s t r u c t u r e .  Verbal 
r e p o r t s ,  b e fo re ,  d u r in g ,  and on complet ion  of  p la y  i n d i c a te d  the e x p e r t  
processed  in form at ion  reg a rd in g  s e q u e n t i a l  p r o b a b i l i t i e s  and 
co n t in g e n c i e s  of  the  opponents p lay .
The t r e n d s  of Housner 's  (1981) e x p e r t  i n d i c a te d  f ind ings  s i m i l a r  to  
o the r  domain e x p e r t s .  This  i n v e s t i g a t i o n  was s i g n i f i c a n t  in  t h a t  i t  
examined the  In f luence  of  knowledge and how t h i s  knowledge in f lu e n c e s  
the  s t r a t e g i e s  employed. That I s ,  the  e x p e r t  used a problem s o lv ing  
approach in  which in fo rm at ion  was ga the red  r ega rd ing  s e q u e n t i a l  
p r o b a b i l i t i e s  and con tengenc les  of  the  opponents p la y .  The mode of
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proces s ing  t h i s  in form at ion  was the  chunking of  c r u c i a l  s t r a t e g i c  events  
in memory.
French and Thomas (1987) were in s t ru m e n ta l  in  not  on ly  examining 
the  r e l a t i o n  of  s p o r t  knowledge deve lopmenta l ly ,  bu t  in  examining the 
r e l a t i o n  of  b a s k e t b a l l  knowledge and s p o r t  performance r a t h e r  than the  
prev ious  paradigms employing c o g n i t i v e  t a s k s .  They found d e c i s i o n  
making a b i l i t y  ( d i r e c t e d  by th e  e x t e n t  of s p e c i f i c  c on ten t  In format ion)  
a c r u c i a l  l ink  in terms of e x p e r t  and novice b a s k e tb a l l  p la y e r s  
r e g a r d l e s s  of age.  AI30 , a c ro s s  a season ,  c o g n i t iv e  s k i l l s  r a t h e r  than 
motor s k i l l s  In c reas ed ,  as  b a s k e t b a l l  p la y e r s  lea rned  what to  do a t  a 
more r a p id  pace than  t h e i r  s k i l l  to  do i t  improved.
Thomas e t  a l .  (1986) p r e d i c t  e x p e r t s  in s p o r t  r e a l i z e  the 
importance of s p o r t  s p e c i f i c  s t r a t e g i e s  to  (a) monitor  changes in goal
s t a t e s  and a c t i o n s ,  (b) plan  fo r  p o s s i b l e  a c t i o n s ,  and (c) p r e d i c t  game
a c t i o n s .  Some of the  s t r a t e g i e s  c o n s i s t  of us ing  e x t e r n a l  memory a i d s ,  
us ing n a t u r a l  pauses dur ing  the  game to  p lan  game t a c t i c s ,  and a t t e n d in g  
to  environmenta l  cues from the  s i t u a t i o n  or p a s t  even ts  to  a t t a c h  
p r o b a b i l i t i e s  t o  p o s s i b l e  outcomes.
Conclusions
Research by Llndberg (1980) and Chi (1978),  as  mentioned e a r l i e r ,  
a r e  c o r r e l a t i o n a l  and t h e i r  f i n d i n g s  do not  provide an e x p la n a t io n  of  
how such d i f f e r e n c e s  a r i s e .  In o rder  t o  l i n k  what i s  a l r e a d y  known t o  
the a c q u i s i t i o n  of new In fo rm at ion ,  O rns te in  and Naus (1984) f e e l  
r e s e a r c h  should  examine the  in fo rm at ion  a v a i l a b l e  in the  knowledge base 
to g e th e r  with  the s t r a t e g i e s  employed. This  I n t e r a c t i o n  of  the
components of an in fo rm at ion  p ro c e s s in g  model may u l t i m a t e l y  lead  t o  a
b e t t e r  unders tand ing  of  how the  changing knowledge base In f lu en c e ,
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simple and complex s t r a t e g i e s ,  a s  well  as  more au tomatic  memory 
p r o c e s s e s . ( e . g . ,  Naus £ O rn s te in ,  1983; O rns te in  £ Naus, 1984; O rns te in  
£ Baker-Vard,  1983)
Across a v a r i e t y  of  domains ( e . g . ,  t e a c h in g ,  s p o r t s ,  games),  
s t r a t e g i e s  such as  chunking,  moni to r ing ,  and inpu t  p rocess ing  were 
in f luenced  by the  s u b j e c t ' s  c o n ten t  knowledge. Also,  O rns te in  and Naus 
(1984) in reviewing knowledge base media t ion  in a d u l t  r e s e a r c h  ( e . g . ,  
Chi ,  1978; Richman, Nida,  £ P i t tm an ,  1976; s p i l i c h  e t  a l . ,  1979) found 
memory performance r e p r e s e n t s  a very  complex i n t e r a c t i o n  of knowledge 
about  s t r a t e g i e s  and t h e i r  implementat ion ,  knowledge of s p e c i f i c  ta sk  
requ i rem en ts ,  and knowledge about  p a r t i c u l a r  t o p i c s .  O rns te in  and Naus
(1984) s p e c u la te  knowledge base In f lu en c es  memory performance in  two 
d i f f e r e n t  ways: by the o p e ra t io n  of memory s t r a t e g i e s ,  and in a d i r e c t  
f a sh ion  ( i . e . ,  au tomat ic  p r o c e s s e s ) .  These d i f f e r e n c e s  r e q u i r e  f u tu r e  
ln v e sg a t lo n s  c o n s id e r in g  the  c o n d i t i o n s  under which they  occur and 
d e t a i l s  of  the  mechanisms by which d i r e c t  e f f e c t s  of  knowledge base 
o p e r a t e .
Gobbo and Chi (1986) and Housner (1981) have made s i g n i f i c a n t  
c o n t r i b u t i o n s  us ing paradigms t h a t  examine how knowledge In f luenc es  the 
a q u i s l t i o n  of  newly p re sen te d  m a te r i a l  and how s p o r t  knowledge 
In f lu en c es  s p o r t  performance .  Also ,  French and Thomas (1987) found the  
improvement with  age and a c ro s s  a season  w i th in  a s p e c i f i c  s p o r t  was 
a t t r i b u t e d  t o  s p o r t  s p e c i f i c  knowledge. These s t u d i e s  i n d i c a t e  the  need 
fo r  r e s e a r c h e r s  to  i n v e s t i g a t e  f u r t h e r  th e  r e l a t i o n  between performance 
( e . g . ,  s k i l l e d  s p o r t  behav ior )  and knowledge base development ( e . g . ,  
the  development of the  s p o r t  s p e c i f i c  knowledge b a s e ) .
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Futu re  domain s p e c i f i c  i n v e s t i g a t i o n s  should co n s id e r :  (a) the 
s t r u c t u r e  of knowledge base ,  (b) the  use of procedures  t o  i d e n t i f y  
mnemonic p rocesses  c a l l e d  in to  o p e r a t i o n ,  (c)  the  d i f f e r e n t i a t i o n  
between d e l i b e r a t e  mnemonic p roces ses  and au tomatic  n o n -d e l i b e ra t e  
p ro c e s s e s ,  and (d) how the se  s t r a t e g i e s  and p rocesses  change with 
a g e - r e l a t e d  developments in  the  co n te n t s  and s t r u c t u r e  of knowledge base 
(Naus & O rn s t e in ,  1983). I t  i s  c l e a r  from the  p r e s e n t  review t h a t  the 
r o l e  of knowledge a c q u i s i t i o n  in memory development i s  in a p re l im in a ry  
s t a g e .  Researchers  a re  j u s t  beg inning t o  examine the r e l a t i o n  between 
knowledge base and performance (v e rb a l  or s p o r t ) .  I f  r e s e a r c h e r s  can 
unders tand  the  r o l e  of c o g n i t io n  ( i . e . ,  the i n t e r a c t i o n  of s p o r t  
knowledge base and s p o r t  s p e c i f i c  s t r a t e g i e s  employed t o  work with  the  
s p o r t  knowledge base)  in s p o r t  performance,  they  may be ab le  to  
In f luence  the  development of t h i s  s p o r t  s p e c i f i c  knowledge and 
u l t i m a t e l y  enhance and ease the  development of  e x p e r t i s e  in s p o r t  
s k i l l s .  T h e o r e t i c a l l y ,  unders tand ings  of  the  changes in  the  p r o p e r t i e s  
of  in fo rm at ion  r e p re s e n t e d  and how t h i s  in form at ion  i n t e r a c t s  with  the 
format ion  of s p o r t  s p e c i f i c  s t r a t e g i e s  used t o  gene ra te  th e  a p p r o p r i a t e  
response  may be Increased .
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P erm ission  and Experience Forms
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P r io r  to  the  s tu d y  p a r t i c i p a n t s  were asked to  o b ta in  p a re n ta l  
perm iss ion  fo r  in c lu s io n  In th e  s tu d y .  A q u e s t io n n a i r e  form was a l s o  
designed  to  exam the  s u b je c t s  h i s t o r y  In term s of t e n n i s  experience  
which was used a one of th e  c r i t e r i a  fo r  e x p e r t i s e  group ing . A sample 
of each of th e s e  forms i s  p re sen te d  on subsequent pages.
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Dear P a re n t :
We a re  conducting  a s tu d y  on how c h i l d r e n ' s  s p o r t s  s t i l l s  change as  
they  le a rn  to  p lay  t e n n i s .  During camp, I w i l l  be watching the  c h i ld r e n  
p lay  and e v a lu a t in g  t h e i r  s t i l l s  and game tnowledge. This w i l l  Involve 
some f i lm in g  of matches, a paper and p e n c i l  t e s t ,  and some measurements 
on t h e i r  c o n s is te n c y  and a c u r ra c y  of th e  se rv e  and g ro u n d s t ro te s .  This 
Is  sponsored by the  School of H ea lth ,  P h y s ica l  E duca tion , R ecre a tio n  and 
Dance a t  LSU. The P e l ic a n  Tennis Camp i s  no t involved In the  s tu d y ,  bu t 
Steve C a r te r  and the  s t a f f  a re  c o o p e ra t in g  by l e t t i n g  us do I t .  Ratings 
of the  c h i l d r e n ' s  a b i l i t i e s  w i l l  be kep t s t r i c t l y  c o n f id e n t i a l ;  I f  our 
f in d in g s  a re  p u b lish e d ,  or p re sen te d  a t  a p ro fe s s io n a l  m eeting , average 
sco re s  w i l l  be th e  only  ones re p o r te d  w ithou t th e  c h i l d r e n 's  
I d e n t i f i c a t i o n .
We would g r e a t l y  a p p re c ia te  your perm iss ion  to  inc lude  your c h i ld  
In our s tu d y .
Sue McPherson, Graduate S tuden t 344-4908 
J e r r y  Thomas, P ro fe s s o r ,  LSU, 388-2387,2034 
Thanks so much fo r  your c o o p e ra t io n !
My c h i ld  _________________________ , has my perm iss ion  to  p a r t i c i p a t e .
S ig n a tu re  ___________________________ d a te ____________
Phone I   C a l l  me I f  you have any q u e s t io n s .
Sue McPherson, 344-4908
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Dear P a re n t :
We a re  conductinq  a s tu d y  on how c h i l d r e n ' s  s p o r t s  s k i l l s  change as 
they  le a rn  to  p lay  t e n n i s .  During l e s s o n s ,  I w i l l  be watching the  
c h i ld re n  p lay  and e v a lu a t in g  t h e i r  s k i l l s  and game knowledge. This w i l l  
invo lve  some f i lm in g  of m atches, a paper and p e n c i l  t e s t ,  and some 
measurements on t h e i r  c o n s is te n c y  and a c u r ra c y  of th e  se rv e  and 
g ro u n d s tro k es .  This is  sponsored by . th e  School o f  H ea lth ,  P hys ica l  
E duca tion , R ecrea tio n  and Dance a t  LSU. BREC i s  not Involved in  the  
s tu d y ,  bu t Karen Toney and th e  s t a f f  a r e  coopera ting  by l e t t i n g  us do 
i t .  R atings  of th e  c h i l d r e n ' s  a b i l i t i e s  w i l l  be kep t s t r i c t l y  
c o n f i d e n t i a l ;  i f  our f in d in g s  a re  p u b l i s h e d ,  or p resen ted  a t  a 
p ro f e s s io n a l  m eeting , average sc o re s  w i l l  be th e  only  ones r e p o r te d  
w ithou t the  c h i l d r e n ' s  I d e n t i f i c a t i o n .
we would g r e a t l y  a p p re c ia te  your p e rm iss io n  to  Include your c h i ld  
in our s tu d y .
Sue McPherson, Graduate S tuden t 344-4908 
J e r r y  Thomas, P ro fe s s o r ,  LSU, 368-2387,2034
P lease  s ig n  th e  form below and your c h i ld  may r e tu r n  th e  form to  
h is  i n s t r u c t o r .  I w i l l  g e t  in  touch w ith  you and your c h i ld  to  schedule  
h i s  f i lm in g  e i t h e r  b e fo re  or a f t e r  h i s  r e g u l a r l y  scheduled  le s s o n s .  
Thanks so much fo r  your c o o p e ra tio n !
My c h i ld  _________________________ , has my perm ission  to  p a r t i c i p a t e .
S ig n a tu re  ___________________________ .date____________
Phone I   C a l l  me i f  you have any q u e s t io n s .
Sue McPherson, 344-4908
Name ________
Date of B ir th  
Phone I _____
Address ST. 
C ity  
ZIP
C irc le  the  answer t h a t  b e s t  d e s c r ib e s  you.
I p r a c t ic e  te n n is  ____  tim es a week. 1, 2, 3, 4-7 , sometimes
I p lay  te n n is  ______  tim es a week. 1, 2, 3, 4-7 , sometimes




more than  a year 
I h a v e n ' t  had any
I 'v e  been p lay in g  te n n is   ..............3 months, 6 months, 1 y ea r ,
2 y e a r s ,  3 or more years
in  my fam ily  _________________________  t e n n i s .
I am th e  only one t h a t  p lays
1 o th e r  member p lays
2 o th e r  members p lay
3 or more o th e r  members p lay
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L i s t  any programs ( j R . f c i t y ,  s ch o o l,  c lu b ,  camp) you have a t te n d e d  or 
p lay  in .
PROGRAMS HOW LONG WHEN
L i s t  any tournam ents you 've p layed In.
TOURNAMENT WHEN DID YOU PLACE
L is t  any tournam ents you 've played in .







A 50-item  m u l t ip le  cho ice  t e s t  to  examine t e n n i s  knowledge was 
judqed v a l id  in c o n te n t  by 3 t e n n is  e x p e r t ,  a l l  n a t i o n a l l y  c e r t i f i e d  
i n s t r u c t o r s  w ith  c o l l e g i a t e  p la y in g  experience  involved in  coaching 
youth t e n n i s .  A lso, a c e r t i f i e d  e lem en tary  ed u ca to r  deemed th e  t e s t  
v a l id  in  language c o n te n t  fo r  th e s e  age groups. These four e x p e r ts  
c r i t i q u e d  the  t e s t  be fo re  I t  was p i l o t e d  in  terms of te rm ino logy , 
b a lan ce ,  and coverage of knowledge.
The w r i t t e n  t e s t  was ad m in is te red  to  31 e x p e r t  and novice male 
t e n n is  p la y e rs  ages 8-13 a t te n d in g  th e  f i r s t  camp s e s s io n .  A KR-20 
e s t im a te  in d ic a te d  i n t e r n a l  c o n s is te n c y  of .79 . The median of the  index 
of d i f f i c u l t y  was .58. F o r ty - e ig h t  of the 50 items (98k) had an index 
of d i f f i c u l t y  between .35 and .90 . F o r ty  of th e  50 items (80%) had an 
index fo  d i s c r im in a t io n  of .20 and g r e a t e r  (range .20 to  .80) w ith  the  
rem aining 10 re c e iv in g  .10 or g r e a t e r  an an index of d i s c r im in a t io n .  
These measurements a re  p re sen te d  in  th e  subsequent Table 16.
The t e s t  was a l s o  shown to  d i s c r im in a te  between e x p e r t  and novice 
t e n n is  p la y e rs  r e g a r d l e s s  of age. C o n s tru c t  v a l i d i t y  (known group 
d i f f e r e n c e  method) i s  p re sen te d  in  Table 18. The mean fo r  nov ices  was 
62% c o r r e c t  (8=11%) and th e  mean fo r  e x p e r t s  was 74% c o r r e c t  (8=9%). The 
p e rce n t  v a r ia n ce  accounted fo r  by th e  group d i f f e r e n c e  was 25%.
The o r i g i n a l  t e s t  was r e v is e d  fo r  q u e s t io n s  re c e iv in g  an index of 
d i s c r im in a t io n  below .20. The re v is e d  knowledge t e s t  was ad m in is te red  
to  21 male t e n n i s  p la y e r s  ages 8-13 a t te n d in g  th e  second camp s e s s io n .  
The median index of d i f f i c u l t y  was .50 . F o r ty - e ig h t  o f  th e  50 Items 
(96%) had an index of d i f f i c u l t y  g r e a t e r  than  .2 3 .  The mean of the  
index of d i s c r i m i n a t i o n  was .31. F o r ty  of th e  50 items (80%) had an
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index of d i s c r im in a t io n  g r e a t e r  than  .20. Measurements fo r  each 
q u e s t io n  a re  p re sen te d  in  Table 17.
O v e ra l l ,  th e se  r e s u l t s  In d ic a te  t h a t  th e  knowledge t e s t  i s  a 
r e l i a b l e  and v a l id  measure of t e n n i s  knowledge fo r  males ages 8-13 
y e a r s - o ld .  The means and s ta n d a rd  d e v ia t io n s  a re  p re sen te d  in  Table 19.
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Table 16. index o£ d i f f i c u l t y  and Index of d i s c r im in a t io n  fo r  th e  f i r s t  
knowledge t e s t .
Item D i f f i c u l t y D iscrlm ln . Item D i f f i c u l ty D iscrlm ln .
1 . .84 .20 26. .74 .70
2 . .58 .20 27. .48 .30
3. .81 .10 28. .87 .30
4. .61 .20 29. .84 .74
5. .45 .50 30. .74 .10
6 . .81 .30 31. .97 .10
7. .87 .30 32. .97 .10
8 . .90 .20 33. .48 .40
9. .52 .40 34. .71 .10
1 0 . .52 .40 35. .35 .30
11 . .64 .70 36. .84 .40
12. .58 .40 37. .48 .70
13. .52 .30 38. .42 .50
14. .84 .30 39. .48 .10
15. .90 .10 40. .52 .70
16. .84 .20 41. .52 .70
17. .45 .20 42. .45 .40
18. .42 .30 43. .68 .10
19. .71 .40 44. .48 .20
20 . .35 .40 45. .58 .40
21. .58 .10 46. .58 .30
22 . .65 .60 47. .61 .60
23. .87 .20 48. .61 .50
24. .48 .40 49. .66 .40
25. .19 .10 50. .39 .51
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Table 17. index of d i f f i c u l t y  and index o f  d i s c r im in a t io n  fo r  the  
second knowledge t e s t .
Item D i f f i c u l ty D iscrlm ln . Item D i f f i c u l ty D iscrlm ln .
1 . .29 .20 26. .81 .50
2 . .33 .24 27. .67 .67
3. .81 .33 28. .81 .50
4. .76 .67 29. .90 .17
5. .57 .52 30. .95 .17
6 . .38 .54 31. .66 .02
7. .71 .36 32. .28 .47
8 . .10 .23 33. .57 .24
9. .57 .38 34. .61 .36
10. .52 .21 35. .71 .05
11 . .67 .27 36. .90 .02
1 2 . .62 .21 37. .48 .20
13. .48 .07 38. .48 .23
14. .67 .38 39. .76 .36
15. .24 .23 40. .57 .55
16. .14 .02 41. .57 .17
17. .24 .26 42. .33 .17
18. .38 .24 43. .19 .36
19. .67 .52 44. .62 .69
20. .48 .38 45. .62 .26
21. .67 .21 46. .62 .07
22. .62 .52 47. .67 .83
23. .86 .12 48. .67 .21
24. .62 .24 49. .86 .17
25. .67 .36 50. .33 .40
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Table 10. anova t a b le  fo r  the  w r i t t e n  t e s t  fo r  age and e x p e r t i s e  
l e v e l s .
Source df SS MS F
Age Level 1 1.38 1.38 0.13
E x p e r t is e  Level 1 0.11 0.11 10.44**
in t e r a c t i o n 1 2.01 2.01 0.18
E rro r 27 0.30 0.01
T o ta l 30 12.67
**p<.01
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Table 19. Means and s ta n d a rd  d e v ia t io n s  fo r  the  percen tage  of c o r r e c t  
responses  on th e  te n n i s  knowledge t e s t  by age and e x p e r t i s e  l e v e l .
Novices Experts
___________________ M S_______H________ H_______S________ It
8-10 years  .61 .08 7 .73 .05 5
11-13 y ea rs  .62 .13 10 .75 .11 9
I l l
TENNIS KNOWLEDGE TEST
1 . In s c o r in g ,  which Is  not one of th e  fo llow ing  p o in ts?
a .  IS
b. 40
c .  love
d . 30
e . game
2. In a 9 p o in t  t i e b r e a k e r  p la y e rs  change ends a f t e r
a .  1 p o in t
b. 2 p o in ts
c .  3 p o in ts
d . 4 p o in ts
3. The b e s t  g r ip  fo r  a good p la y e r  when v o l le y in g  i s
a .  th e  e a s te r n  or handshake
b. the  w estern
c .  the  c o n t in e n ta l
d. the  choke
4. To r e c e iv e  a se rv e  i t  i s  b e s t  fo r  a good p lay e r  to  s tan d ;
a .  deep behind the  b a s e l in e  in  the  backcourt a re a  halfway 
between th e  s ln q le s  s i d e l in e  and c e n te r  s e rv ic e  l i n e
b. c lo se  to  the  c e n te r  mark behind the  b a s e l in e  
the  a l l e y  when r e c e lv ln q  on th e  l e f t
c .  near th e  b a s e l in e  and s in g le s  s id e l in e "
5. Which b a l l  i s  no t  a l e t  in  te n n is ?
a .  a b a l l  t h a t  I s  u n s u c c e s s fu l ly  re tu rn e d  because of 
o u ts id e  In te r fe re n c e
b. a b a l l  t h a t  I s  served  befo re  th e  r e c e iv e r  I s  ready
c .  a b a l l  t h a t  h i t s  th e  n e t  on se rve  but bounces in  th e  
s e r v ic e  c o u r t  to  which i t  was d i r e c te d
d . a b a l l  t h a t  h i t s  th e  n e t  on se rv e  bu t bounces in  th e  
a l l e y
6 . Host g roundstrokes  should be h i t
a .  down th e  l in e
b. In th e  middle
c .  c ro s s  c o u r t
d .  none o f  th e se
7. You chanqe ends of th e  c o u r t  when th e  qame sco re  adds up to
a .  an even number
b. an odd number
c .  3, 6 , 9, 12, e t c .
8 . A f te r  a t i e b r e a k e r
a .  p la y e r s  change ends o f  th e  c o u r t  where the  t i e b r e a k e r  was 
completed
b. p la y e r s  s t a y  on th e  ends of th e  c o u r t  where th e  t i e b r e a k e r  was 
completed
c . th e  p la y e r s  s p in  to  see  i f  th e y  change ends
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9. The lob  should  be used
a .  to  go over a p l a y e r ' s  head a t  th e  n e t
b. to  recover your p o s i t i o n
c .  to  change pace In a long r a l l y
d. a l l  of the  above
10. The h e ig h t  of th e  n e t  a t  th e  c e n te r  of th e  c o u r t  i s
a .  2 1/2 f e e t
b. 3 f e e t
c .  3 1/2 f e e t
11. Which se rv e  w i l l  have more power?
a .  sp in
b. s l i c e
c .  f l a t
d . none of th e se
12. Vhat i s  th e  sco re  a t  th e  beginning  of each game?
a .  0-0
b. L o v e -a ll
c .  both a and b
13. When moving a c ro s s  c o u r t  to  p lay  a b a l l ,  you should
a .  slow down to  s t ro k e  the  b a l l ,  t u r n ,  and move in  a 
s l d e - t o  th e  n e t  p o s i t i o n
b. s t ro k e  the  b a l l  w hile  moving
c .  a t tem p t to  s to p  runn ing ,  then  s t ro k e  th e  b a l l
d .  both a and c
14. What i s  th e  number of l e t s  a s e rv e r  may have?
a .  one
b . two
c .  th re e
d . th e re  i s  no l i m i t
15. which of th e  fo llow ing  s t ro k e s  w i l l  Involve movement of th e  w r i s t
a .  smash
b. forehand
c .  backhand
d .  v o l le y
e .  both  a and d
16. When you a re  s ta n d in g  to  th e  r i g h t  of the  c e n te r  mark and h i t  c ro s s  
c o u r t  i t  i s  b e s t  to
a .  move to  th e  l e f t  s id e  of th e  c e n te r  mark
b. remain in  th e  a re a  to  th e  r i g h t  s id e  of th e  c e n te r  mark
c .  r e tu r n  to  th e  c e n te r  mark
17. The sco re  w i l l  always be odd when s e rv in g  to  the
a .  l e f t  s e rv ic e  c o u r t
b. r i g h t  s e r v ic e  c o u r t
c .  advantage c o u r t
d .  both  a  and c
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18. i t  i s  l e g a l  fo r  you to  fo llo w  through over the  n e t
a .  be fo re  s t r o k in g  th e  b a l l  on your s id e  of th e  n e t
b. a f t e r  s t r o k in g  th e  b a l l  on your s id e  of the  ne t
c .  i t  i s  never l e g a l  to  fo l low  through over th e  ne t
19. When p la y in g  a b a s e l in e  game you should  s tan d
a .  on the  b a s e l in e
b. between th e  b a s e l in e  and s e r v ic e  l in e
c .  th r e e  f e e t  behind the b a s e l in e
20. A fte r  s t r o k in g  a b a l l  t h a t  lands  In s id e  th e  s e rv ic e  c o u r t  a re a  you 
should
a .  run to  th e  middle of th e  c o u r t
b. s t a y  a t  the  ne t
c .  run back to  th e  b a s e l in e
d. both  a and c
21. When se rv in g  in s in g le s  you should  s tan d
a .  c lo se  to  the  s in g le s  s i d e l i n e
b. between th e  s in g le s  s i d e l in e  and c e n te r  mark
c .  c lo s e  to  th e  c e n te r  mark
22. In p lay in g  s in g le s  te n n is  which i s  more im portan t?
a .  s h o ts  t h a t  b a r e ly  c l e a r  the  net
b. keeping th e  b a l l  deep
c .  keeping th e  b a l l  in the  middle
d . none of th e se
23. When the  sco re  i s  t i e d  a t  40-40 or 4 0 - a l l  i t  i s
a .  l e t
b . game
c .  deuce
d . ad -o u t
24. A fo o t  f a u l t  Is  when the  s e r v e r ' s  fo o t  touches  th e  b a s e l in e  or c o u r t
a .  w hile  p rep a r in g  to  se rve
b. a f t e r  th e  b a l l  i s  h i t
c .  b e fo re  the  b a l l  i s  h i t
d . both  a and b
25. A t i e b r e a k e r  i s  used to  sh o r te n  a s e t  when th e  game sco re  reach es
a. 6-5
b. 5-5
c .  6-6
d . 5 a l l
e .  both  b and d
26. A good t e n n i s  p la y e r  should  t r y  to
a .  keep th e  b a l l  in  p lay
b. keep th e  b a l l  deep
c .  a t t a c k  th e  s h o r t  b a l l
d .  a l l  of  th e se
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27. The r e c e iv e r  must s tand
a .  o u ts id e  th e  s e r v ic e  co u r t
b. behind th e  b a s e l in e
c .  anywhere he or she p le a se s
28. When s e rv in g  you should  f i r s t  work on
a .  g e t t in g  th e  b a l l  in  th e  s e r v ic e  c o u r t  every  time
b. p la c in g  th e  b a l l  deep In both  c o rn e rs  of th e  s e rv ic e  co u r t
c .  power and s p in
29. The sco re  Is  4-2 , a t o t a l  of 6 games;
a .  p lay  co n t in u es
b. the  s e t  i s  over
c .  the  match Is  over
d . a t i e b r e a k e r  Is  played
30. On r e tu r n  of s e r v ic e ,  th e  r e c e iv e r  must h i t  th e  b a l l  on
a .  one bounce
b. no bounce
c . none of th e se
31. You should work on ______  l a s t  when p r a c t i c i n g  groundstrokes
a .  d i r e c t i o n
b. placement
c .  power
32. When us ing  to p s p in ,  you should  h i t  the  b a l l
a .  above i t s  c e n te r  of g r a v i t y
b. below I t s  c e n te r  of g r a v i ty
c .  a t  the  c e n te r  of g r a v i ty
33. A poor g r ip  fo r  th e  se rve  Is
a .  w estern
b. e a s te rn
c .  c o n t in e n ta l
34. You should p rep a re  t o  r e tu r n  th e  b a l l
a .  when th e  b a l l  bounces on your s id e  of the  c o u r t
b. j u s t  a f t e r  th e  b a l l  le av es  your opponents ra c k e t
c .  a s  the  b a l l  reach es  th e  ne t
d . when you s t ro k e  th e  b a l l
35. Most approach s h o ts  should  be h i t
a .  c ro s s  c o u r t
b. down th e  l i n e
c .  t o  the  c e n te r  of th e  c o u r t
d .  none of th e se
36. in  c a l l i n g  th e  s c o re ,  th e  p l a y e r ' s  s co re  mentioned f i r s t  i s
a .  th e  se rv e r
b. th e  r e c l e v e r
c .  th e  s e rv e r  or r e c e iv e r
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37. when g e t t i n g  to  a wide g roundstroke  I t  I s  b e s t  to  move
a .  along th e  b a s e l in e
b. back behind the  b a s e l in e
c .  In a d ia g o n a l  t o  th e  b a l l
38. A s l i c e  w i l l
a .  cause th e  b a l l  t o  sp in  In th e  o p p o s i te  d i r e c t i o n
b. cause the  b a l l  t o  no t bounce v ery  high
c .  g ive  your opponent l e s s  time to  g e t  t o  th e  b a l l
d . a l l  of th e se
39. A fte r  you h i t  an approach sh o t  you should
a .  s tan d  behind th e  s e r v ic e  l i n e  In th e  middle of the  c o u r t
b. s tand  c lo s e  to  the  s in g le s  s i d e l i n e
c .  fo llow  the  pa th  of your b a l l  to  the  ne t
40. The hard e r  you h i t  the b a l l
a .  the  l e s s  time you w i l l  have to  g e t  ready  fo r  the  next sh o t
b. the  f a s t e r  the  b a l l  w i l l  come back to  you
c .  th e  more l i k e l y  you w i l l  make an e r r o r
d .  a l l  of th e se
41. o f f e n s iv e ly ,  you can fo rce  your oponent t o  run a l l  over the  c o u r t  by
a .  h i t t i n g  g roundstroke  d r iv e s  to  th e  co rn e rs
b . h i t t i n g  d ro p sh o ts  when th ey  a re  behind th e  b a s e l in e
c .  h i t  lobs  when th ey  a r e  a t  th e  ne t
d .  both a and c
e .  a l l  of th e se
42. A deep c ro s s  c o u r t  sho t i s  co n s id e red  s a f e r  th a n  down th e  l i n e  
because
a .  i t  c a r r i e s  over the  lo n g e s t  d i s ta n c e  of th e  co u r t
b. I t  c a r r i e s  over th e  low est p a r t  of th e  ne t
c .  I t  c a r r i e s  over th e  h ig h e s t  p a r t  of th e  n e t
d .  both  a and b
43. i f  you lob  t o  your opponent, I t  i s  b e s t  t o  d i r e c t  i t
a .  down th e  l in e
b. t o  th e  forehand s id e
c .  t o  th e  backhand s id e
d . c ro s s c o u r t
44. A good o f fe n s iv e  move Is
a .  t o  c l e a r  th e  n e t  w ith  p le n ty  of h e ig h t
b. t o  g e t  your f i r s t  se rv e  In
c . to  h i t  c ro s s  c o u r t
d .  a l l  of th e se
45. You w i l l  p u l l  your opponent wide i f  you r e tu r n  deep
a .  down the  l i n e
b. c ro s s  c o u r t
c .  to  the  middle
116
46. When d r iv in g  a b a l l  deep to  the  co rn e rs  you should  aim
a .  fo r  th e  b a s e l in e
b. j u s t  p a s t  th e  b a se l in e
c .  w ell in s id e  th e  b a s e l in e
47. A good te n n is  p lay e r  s e l e c t s  s h o ts  based on
a .  th e  op p o n en t 's  p o s i t io n
b. the  b a l l ' s  p o s i t i o n
c .  h is  or her p o s i t io n
d .  a l l  of th e se
48. I f  you have been drawn wide behind th e  b a s e l in e  you should
a .  smash
b. lob
c .  g roundstroke
49. Which sh o t  Is  b e s t  to  use a g a in s t  a s h o r t  lob?
a .  d ropshot
b. smash
c .  to p sp ln  backhand
d. lob
50. I f  your opponent has a c lo sed  s ta n c e  he w i l l  p robab ly  h i t
a .  a s l i c e
b. s t r a i g h t  ahead
c .  c ro s s c o u r t
d .  a lob
Appendix E
The Serve S k i l l  Test and Groundstroke S k i l l  T est
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S k i l l  T es ts
For s k i l l  e v a lu a t io n ,  a g roundstroke  and se rv e  s k i l l  t e s t  were 
c o n s t ru c te d  by modifying a  v a r i e t y  of accep ted  s k i l l  t e s t s  (Avery, 
R ichardson , & Jackson , 1979; DlGennaro, 1969; G ru e t te r  & D avis, 1985; 
H ew itt ,  1966; P u r c e l l ,  1981). Groundstroke s k i l l  was measured by the  
t e s t e r  ( the  experim en ter)  d e l iv e r in g  a t o t a l  of 24 b a l l s  to  each p lay e r  
who a t tem p ted  to  s t ro k e  10 froehand and 10 backhand g roundstrokes  which 
were sco red  on the  bases of the  t a r g e t  a r e a  h i t .  Serve s k i l l  c o n s is te d  
of each p lay e r  s e rv in g  a t o t a l  of 24 b a l l s  In to  t a r g e t  a r e a s  fo r  both 
the  r i g h t  and l e f t  s e r v ic e  c o u r t .  A ll t r i a l s  c o n s is te d  of 1 p r a c t i c e  
and 5 sco red  s t ro k e s  of s e rv e s .
As in d ic a te d  In F igure  1, two t a r g e t  a re a s  were drawn fo r  each h a l f  
of a r e g u la t io n  s in g le s  te n n is  c o u r t  w ith  each co rn e r  of the  s in g le s  
s i d e l i n e  and b a s e l in e  c o n s i s t i n g  of a 4 ' x 4 '  chalked  a rea  (3 p o in t  
z o n e s ) .  Out from th e se  two a r e a s ,  4 ' x 4' s c o r in g  a re a s  were drawn (2 
p o in t  zones) w ith  th e  remainder of each c o u r t  a rea  from th e  c e n te r  of 
the  c e n te r  s t r i p e  to  the  back s e r v ic e  l i n e  c o n s i s t i n g  of 1 p o in t  zones. 
The s c o r in g  zones c o n s is te d  of each s e r v ic e  c o u r t  a re a  d iv id ed  in  h a l f  
6 '9 "  (2.058m) by 21 ' (6.401m) d e s ig n a t in g  th e  forehand and backhand 
se rv e  zone fo r  th e  r i g h t  and l e f t  s e rv ic e  c o u r t s .  The d e e p e s t  a re a  was 
d e s ig n a te d  by a 4 ' by 6 '9 N chalked  a re a  (3 p o in t  zone) ,  and 4* by 6*9" 
chalked  a re a  (2 p o in t  zone) ,  and f i n a l l y ,  th e  remainder of th e  zone 
d iv id e d  midway between th e  s id e  and c e n te r  s e rv ic e  l i n e ,  (see F igure  1)
sc o r in g  of th e  forehand and backhand groundstrokes  c o n s is te d  of 
number zones marked on th e  l i n e s  fo r  t h e i r  r e s p e c t iv e  sp a c e s -3 ,  2, and 1 
w ith  th e  h ighe r  s co re  n e a re r  th e  b a s e l in e .  The t o t a l  p o s s ib le  p o in t s  
fo r  g ro u n d s tro k es  ( i . e . ,  both  forehand and backhand) was 60 p o in t s .
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G roundstrokes t h a t  h i t  the  n e t  and went In to  th e  proper s c o r in g  a rea  
rece iv ed  the  sco re  of th e  a r e a .  Groundstrokes t h a t  went In to  th e  n e t  or 
ou t of th e  proper c o u r t  rece iv ed  a ze ro .  G roundstrokes t h a t  landed on 
l i n e s  of th e  c o u r t  were good. Also, g roundstrokes  t h a t  landed on th e  
sc o re  l i n e s  rece iv ed  the  h igher s c o re .  Only g rounds trokes  were sco red .  
I n t e n t io n a l  or u n in te n t io n a l  lobs  (judged by th e  experim en ter)  were 
r e t e s t e d .
Serve s k i l l  was measured u s ing  p rocedures  s im i la r  to  th e  
g roundstroke  s k i l l  t e s t  in  which the  se rv e  was sco red  on the  b a s i s  o£ 
the  t a r g e t  a r e a  h i t .  In perform ing th e  s e r v ic e  t e s t ,  th e  t e s t e r  handed 
the  b a l l  to  th e  s u b je c t  who assumed h is  s e r v ic e  s ta n c e  a t  a marked 
s e r v ic e  p o s i t i o n .  The se rv e r  f i r s t  se rved  in to  th e  r i g h t  s e r v ic e  c o u r t  
c o n s i s t i n g  of two t a r g e t  a r e a s  r e p re s e n t in g  a forehand and backhand 
s e r v ic e  zone (see F igure  1 ) .  s u b je c t s  were reminded p r io r  to  t e s t i n g  to  
s t r i v e  fo r  accu racy  r a th e r  than  speed.
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Figure  1






/ / / / W / / / / / / / / P / / / / / / / / / / / / / / / / I W / / / / / / / / / / / / / / / / / / / / W / / / /
PS PGS PS 
EGS = experlm ete r  p o s i t i o n  on groundstroke  
PGS = p la y e r  p o s i t i o n  on g roundstroke  
PS = p la y e r  p o s i t i o n  on se rve
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Code s h e e t  fo r  th e  Groundstroke and Serve S k i l l  Test















R e l i a b i l i t y  of the  s k i l l  T es ts  
The r e l i a b i l i t y  and v a l i d i t y  of th e  s k i l l  t e s t s  was e s t a b l i s h e d  by a 
t e s t - r e t e s t  procedure and e x p e r t  judgement. The s k i l l  t e s t s  were deemed 
v a l id  by 4 t e n n i s  e x p e r t s .  The s k i l l  t e s t s  were a d m in is te re d  tw ice  to  
8-10 year o ld  (a=14) and 11-13 year  o ld  (q- 20) male te n n is  p la y e rs  
du ring  the  f i r s t  camp s e s s io n .  S k i l l  t e s t i n g  was ad m in is te re d  by the  
experim en ter  (an e x p e r t )  on a r e g u la t io n  t e n n i s  c o u r t  to  each in d iv id u a l  
In sm all groups of 3 to  4 s u b je c t s .  T o ta l  s co re s  fo r  th e  20 
g roundstroke  t r i a l s  and 20 se rv e  t r i a l s  were used In th e  a n a ly s e s .  The
groundstroke  s k i l l  t e s t  was adm in is te red  p r io r  to  th e  s e rv e  s k i l l  t e s t  
w ith  ample p r a c t i c e  and r e s t  p e r io d s  for each t e s t .
The s c o re s  fo r  each s k i l l  t e s t  were analyzed  s e p a r a t e ly  fo r  each 
age le v e l  In a 2 x 2 ( s u b je c t  x day of t e s t i n g )  ANOVA. I n t r a c l a s s  
c o r r e l a t i o n  c o e f l c l e n t s  fo r  th e  se rve  and g roundstroke s k i l l  t e s t s  were 
.91 and .72 fo r  th e  younger age group, and .87 and .88 fo r  the  o ld e r  age 
group. Table 20 i n d i c a te s  th e  means and s tan d a rd  d e v ia t io n s  fo r  each 
age group fo r  the  se rv e  and g roundstroke  s k i l l  t e s t  t r i a l s .  The s k i l l  
t e s t s  were a l s o  found to  d i s c r im in a te  between e x p e r ts  and novices 
r e g a r d le s s  of age in  a 2 x 2 ANOVA (age x l e v e l  o f  e x p e r t i s e )  fo r  the  
f i n a l  s c o re s  of each s k i l l  t e s t .  The novice group c o n s is te d  o f  7 8-10 
y e a r -o ld s  and 11 11-13 y e a r - o ld s .  The e x p e r t  group c o n s i s te d  of 7 8-10
y e a r -o ld s  and 9 11-13 y e a r - o ld s .  Experts  were found s i g n i f i c a n t l y  
d i f f e r e n t  from novices  in  th e  g roundstroke  s k i l l  t e s t ,  E ( l , 30)= 17.55,
P<.01 , w2 = 47%, w ith  no s i g n i f i c a n t  age ,  E ( l , 30)= 3 .60 , p> .05 , or 
I n t e r a c t i o n  e f f e c t s ,  E d , 30) = 0 .1 1 ,  p>.05. S im ila r  r e s u l t s  were 
In d ic a te d  fo r  th e  s e rv e  s k i l l  t e s t  a s  e x p e r t s  were s i g n i f i c a n t l y  
d i f f e r e n t  from n o v ic es ,  E d , 30) = 18 .71 , p<.01,w2 = 53%, with no
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s i g n i f i c a n t  age, E ( l , 30)= 0 .16 ,  p>.05, or I n te r a c t i o n  e f f e c t ,  E ( l , 30)= 
0 .48 , £> .05 . The means and s tan d a rd  d e v ia t io n s  fo r  each group fo r  the  
g roundstroke  and se rv e  s k i l l  t e s t  a r e  p re sen te d  in  Table 21.
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Table 20
Means and s ta n d a rd  d e v ia t io n s  fo r  each aae group fo r  the 
se rve  and g roundstroke s k i l l  t e s t  t r i a l s .
Groundstroke Serve
 Qay   Qax__
1 2  1 2
Age
8-10 (n=14) M 11.2 12.6 14.2  14.3
S 3.8 4.1 4.3 4.1
11-13 (n=20) M 11.4 12.4 14.2 14.6
S 5.6 5.1 5.6 6.5
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T able 21
Means and s ta n d a rd  d e v ia t io n s  to r  each age group to r  the  
g roundstroke  s k i l l  t e s t  bv e x p e r t i s e  l e v e l .
 NOYICSS _______________  Experts_____
M SD N M SD N
8-10 Year Olds
Ground s t ro k e  10.0 2 .7 7 15.1 3 .7 7
Serve 11.3 2 .2  7 17.3 3.4 7
11-13 Year Olds
Groundstroke 9.6  4 .3  9 15.7 4 .1 11
Serve 10.3 4 .0 9 19.1 7 .2 11
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Table 22. ANOVA ta b le  fo r  the  s e rv e  and g roundstroke  t e s t  fo r  8-10 
y e a r -  o ld s .
Serve
Source df SS HS F
S u b jec ts 13 425.75 32.75 10.26**
Day of T es t ing 1 0.04 0.04 0.01
E rro r 13 41.46 3.19
T otal 27 467.25
RaHSsublecta -  MSwlthln where MSwlthln = ssdav  + SSerror
H ssub jec ts dfday + d f e r r o r




41,50 = 2.96 
14




Source df SS MS F
S ub jec ts 13 324.18 24.94 3.87**
Day of T es t in g 1 12.89 12.89 2.00
E rro r 13 83.61 6.43
T o ta l 27 420.68
R=MSsub1ects -  MSwlthln where MSwlthln = SSdav + SSerror
H ssub jec ts dfday + d f e r r o r




= 96,50 = 6.89 
14





Table 23. ANOVA ta b le  fo r  the  se rv e  and g roundstroke t e s t  fo r  11-13 
y e a r -o ld s .
Serve
Source df SS MS
S ubjec ts 19 1327.1 69.85
Day of T es t in g 1 1.6 1.6
Error 19 176.4 9.28
Total 39 1505.1
R=MSsub1ects - MSwlthln where MSwlthln
H ssub jec ts




= 111. = 8.8 
20




Source df SS MS
S ub jec ts 19 701.85 36.94
Day of T es t ing 1 9.02 9.02
E rro r 19 79.48 4.18
T o ta l 39 790.38
R=MSsub1ects - MSwlthln where MSwlthln =
H ssub jec ts




88.5  = 4.43 
14








dfday  4 d f e r r o r
36.94
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Table 24. ANOVA ta b le  fo r  th e  second day sc o re s  fo r  th e  se rv e  and 
q roundstroke  s k i l l  t e s t s  by aqe and e x p e r t i s e .
SERVE
source df SS MS F
Aqe Level 1 3.78 3.78 .17
E x p e r t is e  le v e l 1 418.85 418.85 18.72**
I n te r a c t io n 1 10.78 10.78 .48
Error 30 671.38 22 .38
Total 33 7373.42
GROUNDSTROKE
Source df SS MS F
Aqe Level 1 .05 .05 3.61
E x p e r t is e  l e v e l 1 255.96 255.96 17.56**
I n te r a c t i o n 1 1.61 1.61 .11
E rro r 30 437.40 14.58




Coding of Game Performance
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Cfldlna ot .game peifoiaancfi.
An o b s e rv a t io n a l  in s tru m en t was designed  to  reco rd  th e  components 
of performance ( i . e . ,  c o n t r o l ,  d e c i s io n ,  and execu tio n )  of c h i ld r e n  
du ring  s in g l e s  t e n n i s  p la y .  The se rv e  d u r in g  game p la y  was coded fo r  
d e c i s io n  and ex ecu tion  w hile  game p lay  fo llow ing  th e  se rve  was coded for 
c o n t r o l ,  d e c i s io n ,  and e x ec u tio n .  D ec is ion  r u l e s  were developed fo r  
each c a te g o ry  by 3 e x p e r ts  (see Table 4 In th e  t e x t ) .
Code sheets
The performance of each s u b je c t  was coded u s ing  the  g u id e l in e s .  
Behaviors of each in d iv id u a l  du r in g  the  4 games were recorded  on a code 
s h ee t  fo r  a l l  4 games. A sample code s h e e t  i s  p resen ted  on the  
fo llow ing  page. The running sco re  was a l s o  coded.
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R e l i a b i l i t y  of the  Coding in s trum en t
Four e x p e r t s  and 4 novices  were v ideo taped  p lay in g  6 te n n i s  games 
w ith in  two age l e v e l s  (10-11 and 12-13) p a r t i c i p a t i n g  in  a ju n io r  t e n n is  
program. I n t e r r a t e r  r e l i a b i l i t y  was e s t a b l i s h e d  by two e x p e r t s  obseving 
4 of the  6 games w ith  each p la y e r  s e rv in g  and re c e iv in g  se rv e  tw ice .
Four p la y e r s  were s e le c te d  randomly from each ex p er ien ce  and age le v e l  
and coded on each c a te g o ry  of the o b s e rv a t io n a l  in s trum en t fo r  the  se rve  
and and game p lay  fo llow ing  the  s e rv e .  The behav io rs  coded were 
c o l la p s e d  a c ro s s  a l l  4 games fo r  each in d iv id u a l .  R e l i a b i l i t y  was 
e s t im a ted  by I of a g r e e m e n ts /d  of agreem ents  + d isag reem en ts)  x 100 =
%. I n t r a r a t e r  r e l i a b i l i t y  was e s t im a ted  by an e x p e r t  coding and 
re -co d ln g  of a l l  8 p la y e rs  on s e p a ra te  o ccas ions  us ing  th e  same 
procedures  in d ic a te d  in the  i n t e r - r a t e r  r e l i a b i l i t y  c o n d i t io n .
O v e ra l l ,  i n t r a r a t e r  r e l i a b i l i t y  e s t im a te s  (U=8 ) fo r  th e  se rve  were 
.94 fo r  d e c i s io n  and .88 fo r  e x e c u t io n .  During game p lay  r e l i a b i l i t y  
was .99 fo r  c o n t r o l ,  .87 fo r  d e c i s io n  and .92 fo r  e x e c u t io n .  Likew ise, 
i n t e r r a t e r  r e l i a b i l i t y  e s t im a te s  (H=4) fo r  th e  se rv e  were .99 fo r  
d e c i s io n  and .98 fo r  e x ec u tio n ,  w hile  1 .00 fo r  c o n t r o l ,  .98 fo r  d e c i s io n  
and .99 fo r  ex ec u t io n  were denoted  d u r in g  game p la y .  The coding 
in s trum en t was con s id e red  r e l i a b l e  fo r  a l l  c a t e g o r ie s  a s  i n t e r r a t e r  
r e l i a b i l i t y  e s t im a te s  ranged from .94 to  1.00 w hile  i n t r a r a t e r  
r e l i a b i l i t y  e s t im a te s  ranged from .82 t o  1 . 00 .
Game p la y  was v ideo taped  w ithou t s p e c t a to r s  by th e  experim enter  fo r  
a l l  s u b j e c t s .  The f i lm in g  was done from o f f  c o u r t ,  s u b je c t s  were 
f a m i l i a r i z e d  w ith  f i lm in g  p r io r  to  th e  a c t u a l  ta p in g  used fo r  the 
experim en t.  A ll games were v ideo taped  u s in g  a Panasonic v ideo re c o rd e r  
(model NV-8200) and a Panasonic c o lo r  v ideo  camera (model W-39900B)
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sound vas a l s o  reco rd ed .  A ll p la y e rs  were to ld  they  were going to  p lay  
a s e t  of t e n n i s  a l th o u g h  f i lm in g  ended a f t e r  6 games were com pleted. 
P la y e rs  went through t h e i r  t r a d i t i o n a l  match warm-up u n t i l  both  p la y e rs  
agreed th ey  were read y .  The only  ex cep tio n  to  r e g u la t io n  p lay  was 
e l im in a t io n  of changing s id e s  a f t e r  every  f i r s t  and odd game (fo r  
reco rd in g  p u rp o se s ) .  Regular s co r in g  was used . For a n a l y s i s ,  coding 
was done w ithou t the  coders  knowledge of th e  p la y e rs  e x p e r t i s e  le v e l  or 
a g e .
134
Table 25
I n t r a c a t e r  r e l i a b i l i t y  fo r  8 s u b je c t s  -  2 coding s e s s io n s .
C a tego ries  S ub jec t
1 2 3 4 5 6 7 8
Serve
Decision 1.00 1.00 1.00 1.00 .93 .85 .89 .83
Execution .94 .68 .82 .86 1.00 .85 .85 .83
Game Play 
Control 1.00 1.00 1.00 1.00 1.00 1.00 .98 1.00
D ecision .93 .94 .83 .91 .85 .83 .85 .83
Execution .93 .86 .92 .97 .91 .96 .94 .83
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Table 26
I n t e r r a t e r  r e l i a b i l i t y  fo r  4 s u b je c t s  -  2 c o d e rs .
C a teg o r ie s  S ub jec t
1 2  3 4
Serve
D ecis ion  1.00 1.00 .97 .95
Execution 1.00 1.00 .97 .95
Game P lay
C ontro l 1 .00 1.00 1.00 1.00
Decision 1.00 1.00 .95 .98
Execution 1.00 1.00 1.00 .94
Appendix G 
Coding of Verbal In te rv iew s
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v e rb a l  in te rv iew s
Verbal r e p o r t s  were used t o  a s s e s s  what th e  perform er b a s i s  h is  
d e c i s io n s  on d u r in g  th e  game. Two ty p es  o f  In te rv iew s  w i l l  be employed: 
a s i t u a t i o n  in te rv ie w  to  a s s e s s  c u r r e n t  s t a t u s  of t e n n i s  knowledge and a 
p o in t  in te rv ie w  to  a s s e s s  how t h i s  knowledge was employed du ring  game 
p la y .  Host r e s e a r c h e r s  agree  t h a t  v e rb a l  r e p o r t s  a re  a c c u ra te  
in d i c a to r s  of how an in d iv id u a l  approaches or r e p re s e n t s  the  problem to  
be so lved  ( e . g . ,  B a lnb rldge ,  1979; Byrne, 1983; E r ic sso n  & Simon, 1980). 
Hatthews, Buss, and S tan ley  (1965) su g g es t  two c o n d i t io n s  a re  Important 
In o b ta in in g  a c c u ra te  v e rb a l  r e p o r t s :  ( a ) s u b je c t s  should  be qu es tio n ed  
in a n e u t r a l  way to  avoid  b ia s in g  re sp o n se s ,  and (b) s u b je c t s  should  be 
ques tioned  w hile  the  experim ent i s  in  p ro g re s s  ( e . g . ,  every  4th  t r i a l )  
to  p reven t d i s t o r t i o n  as  to  what they  thought about du r in g  performance 
of th e  t a s k .  A lso, a s  Balnbridge (1979) no tes  in  a rev iew  of v e rb a l  
r e p o r t s ,  d u r in g  an experim ent th e re  may be more than  one op tim al method 
fo r  o b ta in in g  v e rb a l  r e sp o n se s .  That i s ,  th e  method used w i l l  depend on 
what th e  re s e a rc h e r  i s  seek in g .
E x tens ive  p i l o t  work was conducted w ith  t e n n is  p la y e r s  of vary ing  
age and e x p e r t i s e  p a r t i c i p a t i n g  In th e  lo c a l  ju n io r  program mentioned 
e a r l i e r .  M o d if ic a t io n s  were made to  ensure  o b ta in in g  v e rb a l  r e p o r t s  
d u r in g  th e  t e s t  c o n d i t io n s  were a s  conduslve a s  p o s s ib le  t o  a c t u a l  game 
p la y .  Problems d u r in g  p i l o t  work were d isco v e re d  in  term s o f :  the  
c h i l d ' s  und ers tan d in g  of the  q u e s t io n ,  the  ease  and qu ickness  of 
repondlng ( e . g . ,  th e  lo c a t io n  o f  th e  m icrophones), and the  a b i l i t y  t o  
remember th e  q u e s t io n  be ing  asked .  Changes were made in  th e  number of 
q u e s t io n s  asked .  O r ig in a l ly ,  one q u e s t io n  examining p a s t  performance and 
a  second q u e s t io n  examining fu tu r e  performance were employed. However,
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p la y e rs  confused both q u e s t io n s  and re q u ire d  too  much time to  answer, 
d i s r u p t in g  th e  n a tu r a l  pause occuring  between p o in t s .  As a r e s u l t ,  on ly  
one q u e s t io n  ( I . e . ,  the  main q u e s t io n  of I n t e r e s t )  r eg a rd in g  the  
in d iv id u a l s  d e c i s io n s  made du ring  the  p a s t  performance was used. A lso, 
p la y e rs  d u r in g  the  a c tu a l  t e s t i n g  were no t allow ed to  p ick  up te n n is  
b a l l s  p r io r  t o  answering th e  q u e s t io n ,  as  th e y  tended to  f o r g e t  (during  
p i l o t  t e s t i n g )  what th e y  were th in k in g  a b o u t .  The q u e s t io n  was a l s o  
placed  on th e  ground In f ro n t  of th e  microphone to  cue th e  p lay e r  each 
time p r io r  to  responding . The s i t u a t i o n  In te rv iew  was a l s o  examined 
during  p i l o t  work in  term s of c l a r i t y  of the  diagrams and q u e s t io n s  
being asked . Each q u e s t io n  was p r in te d  and s t a t e d  v e r b a l ly  to  each 
In d iv id u a l .  The phrase  "any th ing  e l s e "  was found to  e l i c l t e  more 
answers and was used du ring  a c tu a l  t e s t i n g .  The wording of the  
q u e s t io n s  were a l s o  phrased to  p reven t b ia s in g  the  s u b je c t s  towards a 
response  ( e . g . ,  th e  word " s t r a t e g y "  was no t u sed ) .  O v e ra l l ,  Matthews e t  
a l .  (1985) s u g g e s t io n s ,  to g e th e r  w ith  the  p i l o t  work provided  g u id e l in e s  
In c o n s t r u c t in g  the  t e s t  p rocedures .
The s i t u a t i o n  In te rv iew  c o n s is te d  of t h r e e  c a te g o re s  of open-ended 
q u e s t io n s  in d ic a te d  In Phase 2 of the  t e x t .  The q u e s t io n  and 
a d m in is t r a t io n  of th e  p o in t  in te rv ie w  was a l s o  provided in  Phase 2 of 
the  t e x t .  Verbal r e p o r t s  c o l l e c t e d  between p o in t s  were coded fo r  each 
in d iv id u a l  in  a manner s im i la r  to  th e  s i t u a t i o n  In te rv ie w  w ith  the  
a d d i t io n  of agreem ents or d isag reem en ts  In term s of what th ey  Intended 
to  do ( a c t io n ( s )  s e le c te d )  and t h e i r  a b i l i t y  t o  ex ec u tio n  th e  a c t i o n .
The s i t u a t i o n  in te rv ie w  was be a d m in is te re d ,  fo llow ing  a l l  o th e r  
t e s t i n g ,  by th e  experim enter  t o  each s u b je c t  in d iv id u a l ly .  The
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responses  of each s u b je c t  were recorded  on c a s s e t t  ta p e  fo r  coding 
purposes.
The p o in t  in te rv ie w  was adm in is te red  to  a l l  s u b je c t s  d u r in g  game 
p lay  fo llow ing  each p o in t  du r ing  4 games o f  a t e n n is  s e t .  The p o in t  
in te rv ie w  was adm in is te red  during  th e  v id e o ta p in g  of game p la y  in  Phase 
1. Each s u b je c t  was in s t ru c te d  s e p a r a t e ly  ( a t  the  end of h i s  re s p e c t iv e  
c o u r t )  p r io r  to  f i lm in g .  The responses  of bo th  s u b je c t s  were g a th e red  
upon each s u b je c t s  a r r i v a l  to  h is  microphone a re a  lo c a te d  beyond the  
b a se l in e  of the  d es ig n a ted  c o u r t ( 1 . e . , in most c a s e s ,  s im u ltan eo u s ly )  
between each p o in t .  Responses were recorded  on c a s s e t t  and VHS ta p e s .
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Coding G u ide lines
T o ta l Number of D if f e r e n t  and Frequency Rate of Concepts:
U nderline the  u n i t  of In fo rm ation ,  above th e  u n i t  I n i t i a l  the  
a p p ro p r ia te  c a teg o ry  ( i . e . ,  SC, AC, GC) R e p i t l t i o n s  such a s  sen tence  
c l a r i f i c a t i o n  or e l a b o ra t io n  were not coded tw ice .
Example: C ondition  Concept- His s t r e n g th  11 4 t o t a l ,  2 d l f f .
His weakness 11
Concept q u a l i t y :  Each concept w i l l  be coded accord ing  to  th e  q u a l i t y  of 
the concept in  the  c o n tex t  of the  in te rv ie w  s i t u a t i o n  or p o in t  
s i t u a t i o n .
D ecision Rules 
C ondition  Concept: In a p p ro p r ia te  s t r a t e g y  0
a p p ro p r ia te  but weak (reg a rd in g  only  h im se lf )  1
a p p ro p r ia te  and f o r c e f u l ( l  fo r c e fu l  q u a l i t y )  2
a p p r o r i a t e  and very  fo rc e fu l (2 >  fo re  q u a l . )  3 
Action Concept: ln a p p ro r l a te  a c t io n  0
a p p r o r ia te  but weak (no f o r c e f u l  q u a l . ,  on ly  
execu tio n  mentioned) 1
a p p ro p r ia te  and f o r c e f u l  (1 f o r c e f u l  q u a l . )  2 
a p p r o r ia te  and v ery  f o r c e f u l  (2> f o r c e f u l  q u a l . )  3 
Goal Concept: s k i l l  and h im se lf  ( e x e c u t io n ,  g e t t i n g  i t  i n ,  keepinq 
the  b a l l  in  p lay) 0
h im se lf  and opponent (keeping th e  b a l l  away, 
p rev en t in g  opponents a g g re s s iv e  s h o ts )  1 
winning th e  p o in t ,  game, match 2
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concept co n n ec t io n s :  Any word oc phrase  used to  connect concepts  
w i l l  be c i r c l e d .  The t o t a l  number of connec tions  w i l l  be recorded  fo r  
each In d iv id u a l .  Only words or ph rases  between concep ts  were recorded . 
Concept u n i t s :  C oncep ts(s)  w i l l  be coded reg a rd in g  s i n g l e ,  doub le ,  or 
t r i p l e  u n i t s  and c a te g o r iz e d  acco rd ing  to  g o a l s ,  a c t i o n s ,  or s t r a t e g i e s .  
O thers : w i l l  inc lude  s ta tem en ts  t h a t  were made reg a rd in g  a l i t e r a l  
account o£ the  even ts  t h a t  occured (L ), r e a c t i v e  or em otional s ta tem en ts  
(R), not th ln k ln q  or non s p o r t  r e l a t e d  s ta te m e n ts  (NL), and an a b s t r a c t  
s ta tem en t reg a rd in g  the need to  c o n c e n tra te  on the  game (C ) .s ta tem en ts
Also fo r  POINT INTERVIEW:
AGREE/DISAGREE
Agreements and d isagreem ents  v e rb a l iz e d  in term s of what the  p layer  
decided  to  do and h is  a b i l i t y  to  c a r ry  out (execu te )  t h i s  d e c i s io n .
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sample code s h e e t  fo r  the  P o in t  or s i t u a t i o n  in te rv ie w  
Name ____________ ID _________ P or S Date_____________
CONDITION CONCEPTS 
His S treng th  
Weakness 
P o s i t io n  
P r io r  Shot
His Opponent's 
S treng th  
Weakness 
P o s i t io n  
P r io r  Shot
ACTION CONCEPTS 
Serve
Return  of Serve
Groundstrokes
Lobs
P ass ing  Shots 
Drop Shots
GOAL CONCEPTS 
Keeping the  





p o in t
Shot Type
Serv ice  Type
P o s i t io n  Type
Forcing
C en tra l






















the  s k i l l
G e tt in g  the  
b a l l  In
Keeping the





R e l i a b i l i t y  of th e  v e rb a l  coding in s trum en t 
Performance re liab ili ty
Performance r e l i a b i l i t y  on 8 s u b je c t s  were ob ta ined  d u r in g  the  
p i l o t  work. The s u b je c t s  were film ed tw ice ( i . e . ,  w ith  and w ithou t 
v e rb a l  r e p o r t s )  p la y in g  6 games each f i lm in g .  Four e x p e r t s  and 4 
nov ices  were coded on th e  components of performance d u r in g  each f i lm in g .  
The sco res  fo r  each component of performance fo r  s e rv e  and game p la y  
were analyzed  s e p a r a t e ly  in a 2 x 2 (E x p e r t is e  x F ilm ing) ANOVA with 
rep ea ted  measures on f i lm in g .  A r e l i a b i l i t y  e s t im a te  fo r  each dependent 
measure ( i . e . ,  d e c i s io n  and ex ec u tio n )  was ob ta ined  through I n t r a c l a s s  
c o r r e l a t i o n  and were .99 in a l l  a n a ly se s  fo r  the  serve  and game p la y .  
Coding r e lia b ility
I n t e r - r a t e r  r e l i a b i l i t y  was conducted fo r  th e  s i t u a t i o n  in te rv ie w  
and p o in t  in te rv ie w  in o rder  to  de term ine  the  c o n s is te n c y  in  Id e n t i fy in g  
the  same number of behav io rs  and in  judging  th e  q u a l i t y  of th e se  
b e h a v io rs .  I n t e r r a t e r  r e l l a b l l t y  of th e  s i t u a t i o n  in te rv ie w  and the  
p o in t  in te rv ie w  was determ ined by 2 e x p e r t s  c l a s s i f y i n g  re sponses  of 10 
of the  40 s u b je c t s  s e le c te d  randomly (5 s u b je c t s  each fo r  th e  s i t u a t i o n  
and p o in t  in t e r v i e w ) . Each c a teg o ry  o f  th e  v e rb a l  coding in s tru m en t 
( i . e . ,  t o t a l  c o n ce p ts ,  d i f f e r e n t  c o n c e p ts ,  q u a l i t y  co n ce p ts ,  and u n i t  
fo rm a t io n ) .  R e l i a b i l i t y  was e s t im a te d  by I  of a g r e e m e n ts /d  of 
agreements + d isag reem en ts)  x 100 = \  fo r  each ca te g o ry .  The same 
procedures  o u t l in e d  in  experment one were fo llow ed . I n t r a r a t e r  
r e l i a b i l i t y  was conducted on 10 s u b je c t s  (5 fo r  th e  s i t u a t i o n  and 5 fo r  
th e  p o in t  in te rv ie w s )  coded on s e p a ra te  o ccas ions  u s ing  th e  same 
p rocedures  in d ic a te d  in  th e  I n t e r r a t e r  r e l i a b i l i t y  c o n d i t io n .  The 
coding in s tru m en t was cons idered  r e l i a b l e  fo r  a l l  c a te g o r ie s  a
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l n t e r - r a t e r  r e l i a b i l i t y  ranged from .93 to  1.00 w hile  i n t r a r a t e r  
r e l i a b i l i t y  was 1.00 fo r  a l l  c a t e g o r ie s .
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Table 27. anova ta b le  to r  performance r e l i a b i l i t y  -  8 s u b je c t s  by 2 
(vo ice  no-vo ice )  t r i a l s  fo r  th e  se rve  c a te g o ry  of th e  coding in s tru m en t .
Serve -  s t ro n g  d e c i s io n s  
Source d f  SS
S u b jec ts  7 13804
Volce/noVoice 1 16
E rro r 7 23








R=MSsubjects - MSwlthln where MSwlthln = SSfay t  SSOLEOL
M ssubjects dfday + d f e r r o r
MSwithln = 16 + = 4.88
1 + 7
R = 1972 -  4.88 = .99 
1972
Serve - f o r c e f u l  e x ec u tio n s
Source df SS MS F
S u b jec ts 7 9625.44 1375.06 264.16**
Volce/noVoice 1 18.01 18.01 3.47
E rro r 7 36.44 5.21
T o ta l 15 9679.94
R=H 5subiects  -  MSwlthln where MSwlthln = ssday  + s s e r r o r
M ssubjects dfday + d f e r r o r
MSwlthln =18.01+ 36.44 = 6 . 8 1  
1 + 7
R = 1375.06 -  6 .81  = .99 
1375.06
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Table 28. ANOVA ta b le fo r  performance r e l i a b i l i t y  - 8 s u b je c t s  by
(voice no-vo ice)  t r i a l s fo r  the  game p la y  c a te g o ry  of the  coding
Ins trum en t.
Game P lay  - s t r o n a  d e c is io n s
Source df SS MS F
S u b jec ts  7 6663.75 951.96 145.66**
Volce/noVoice 1 2.25 2.25 .34
E rro r 7 45.75 6.54
T otal 15 6711.75
R=MSsubJects - MSvithin where MSwlthln = SSdav + SSerror
M ssubjects dfday + d f e r r o r
MSwlthln = 2.25 + 45.75_ 
1 + 7
= 5.97
R = 951.96 - 5.97 = .99 
951.96
Game P lay  - f o r c e f u l  ex ec u tio n s
Source df SS MS F
S ub jec ts  7 10279.75 1468.53 411.19**
Volce/noVoice 1 1.00 1.00 0.28
E rro r  7 25 3.57
T o ta l  15 10305.75
R=MSsub1ects -  MSwithln where MSwithln = SSdav + SSerror
M ssubjects dfday  + d f e r r o r
MSwlthln = 1 + 2£___ = l..2Su
1 + 7
R = 146ft.54 - .3 .2 5  = .99 
1468.54
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T able  2 9 .
In texcoder r e l i a b i l i t y  fox th e  s i t u a i t o n  in te rv ie w ,  9 s u b je c t s  -  2 
co d e rs .
C a teg o r ie s  S ub jec t
1 2 3 4 5
T ota l s 1.00 1.00 1.00 .93 1.00
a 1.00 1.00 1.00 1.00 1.00
9 1.00 1.00 1.00 1.00 1.00
D iff  S 1.00 1.00 1.00 1.00 1.00
a 1.00 1.00 1.00 .93 1.00
g 1.00 1.00 1.00 1.00 1.00
Qual s 1.00 1.00 1.00 1.00 1.00
a 1.00 1.00 1.00 1.00 1.00
9
u n i t s
1.00 1.00 1.00 .93 1.00
s in g 1.00 1.00 1.00 1.00 1.00
dobl 1.00 1.00 1.00 1.00 1.00
t r p l 1.00 1.00 1.00 1.00 1.00
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T able  30.
In te rc o d e r  r e l i a b i l i t y  fo r  th e  p o in t  In te rv ie w , 5 s u b je c t s  -
C a tego ries
1 2
S ub jec t
3 4 5
T o ta l  s 1.00 1.00 1.00 1.00 1.00
a 1.00 1.00 1.00 1.00 1.00
g 1.00 1.00 1.00 1.00 1.00
D1 £ £ s 1.00 1.00 1.00 1.00 1.00
a 1.00 1.00 1.00 1.00 1.00
g 1.00 1.00 1.00 1.00 1.00
Qual s 1.00 1.00 1.00 1.00 1.00
a 1.00 1.00 1.00 1.00 1.00
g 1.00 1.00 1.00 1.00 1.00
U nits
sing 1.00 1.00 1.00 1.00 1.00
dobl 1.00 1.00 1.00 1.00 1.00
t r p l 1.00 1.00 1.00 1.00 1.00
2 co d e rs .
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Appendix H 
A dd it io n a l  Tables fo r  Phase 1
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Table 31. R a t io s  fo r  th e  number of o p p o r tu n i t i e s  to  respond by 
e x p e r t i s e  l e v e l s  du ring  th e  se rv e  and gameplay.
Gamesa Expert 2 5.9
Novice 1 1
P o in tb Expert 1.6 4.6
Novice 1 1
a the t o t a l  number of o p p o r tu n i t i e s  to  respond a c ro s s  four games 
b th e  t o t a l  number of o p p o r tu n i t i e s  t o  respond in the  f i r s t  four 
p o in ts  of each of the  four games
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Table 32. hanova t a b l e  fo r  age l e v e l ,  e x p e r t i s e  l e v e l ,  and age x 
e x p e r t i s e  w ith  th e  knowledge t e s t ,  the  se rve  t e s t ,  and th e  g roundstroke  
t e s t  as  dependent v a r i a b l e s .
E f fe c t  -  Age Level
S t a t i s t i c  d f  £
H ote lllng -L aw ley  Trace 3, 34 2.12
P i l l a i ' s  Trace 3, 34 2.12
W llk 's  C r i t e r i o n  3, 34 2.12
Roy's Maximum Root 3, 34 2.12
E f fe c t  -  E x p e r t is e  Level
S t a t i s t i c  d f  £
H ote lllng -L aw ley  Trace 3, 34 31.79**
P i l l a i ' s  Trace 3, 34 31.79**
W llk 's  C r i t e r i o n  3, 34 31.79**
Roy’s Maximum Root 3, 34 31.79**
E f fe c t  -  Age x E x p e r t is e
S t a t i s t i c  df £
H ote lllng -L aw ley  Trace 3, 34 .46 '
P i l l a i ' s  Trace 3, 34 .46
W llk 's  C r i t e r io n  3, 34 .46
Roy's Maximum Root 3, 34 .46
**p<.01
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Table 33. Summary fo r  th e  s tepw ise  d is c r im in a n t  a n a ly s i s  w ith  the  
knowledge t e s t ,  the  se rv e  t e s t ,  and g roundstroke  t e s t  used to  p r e d i c t  
e x p e r t i s e  l e v e l s .
Stepwise s e l e c t io n :  summary
Squared
V ariab le  P a r t i a l  W ilks ' can o n ica l
S tep Entered  Removed R2 F C r i t e r io n  C o r re la t io n
1 Groundstroke .62 60.95** .38 .616
2 serve  .17 7.81** .32 .683
3 Knowledge .06 2.57 .30 .704
**p<.01




Knowledge 8 .55 19.7
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T able  34 . hanova t a b l e  fo r  age  l e v e l ,  e x p e r t i s e  l e v e l ,  and age  x
e x p e r t i s e  l e v e l s  u s in g  d e c i s i o n  and e x e c u t i o n  a s  d ep en dent v a r i a b l e s  fo r
th e  s e r v e .
E f f e c t  -  Age bevel
S t a t i s t i c  d f  £
H o te l l in g -L a v le y  Trace 3, 35 1.42
P i l l a i ' s  Trace 3, 35 1.42
W llk ' s  C r i t e r i o n  3, 35 1.42
Roy's  Maximum Root 3, 35 1.42
E f f e c t  - E x p e r t i s e  Level
S t a t i s t i c  df £
H ote l l lng-Lawley  Trace 3, 35 39,34**
P i l l a i ' s  Trace 3, 35 39.34**
W llk ' s  C r i t e r i o n  3, 35 39.34**
Roy's  Maximum Root 3, 35 39.34**
E f f e c t  -  Age x E xpe r t i s e  
S t a t i s t i c  d f  £
H ote l l lng -Law ley  Trace 3, 35 .76
P i l l a i ' s  Trace 3, 35 .76
W llk ' s  C r i t e r i o n  3, 35 .76
Roy's  Maximum Root 3, 35 .76
**p<.01
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Table 35. Summary for  the  s tepw ise  d i s c r i m i n a n t  a n a l y s i s  with  d e c i s i o n  
and execu t ion  used t o  p r e d i c t  e x p e r t i s e  l e v e l s .
Stepwise S e l e c t i o n :  Summary
Squared
Var iab le  P a r t i a l  Wilks '  Canonical
Step Entered  Removed R2 F c r i t e r i o n  C o r r e l a t i o n
1 Decis ion  .63 65.82** .36 .634
2 Execution  .11 4.38* .33 .673
**p<.01
*p<.05
Means fo r  d e c i s i o n  and execu tion
Novices Expert s  
Decision 40.8 88.9
Execution  14.6 51.4
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Table 36. hanova t a b l e  fo r  age l e v e l ,  e x p e r t i s e  l e v e l ,  and age x 
e x p e r t i s e  l e v e l s  a s ing  d e c i s i o n  and execu t ion  a s  dependent v a r i a b l e  fo r  
game p lay  fo l lowing  the s e r v e .
E f f e c t  - Age Level
S t a t i s t i c  df  E
Hote l l lng-Lawley  Trace 3, 34 5,16*
P i l l a i ' s  Trace 3, 34 5.16*
Wllk 's  C r i t e r i o n  3, 34 5.16*
Roy's  Maximum Root 3, 34 5.16*
E f f e c t  - E x p e r t i s e  Level
S t a t i s t i c  df  E
H ote l l lng-Lawley  Trace 3, 34 26,53**
P i l l a i ' s  Trace 3, 34 26.53**
W llk ' s  C r i t e r i o n  3, 34 26.53**
Roy's  Maximum Root 3, 34 26.53**
E f f e c t  -  Age x E x p e r t i s e  
S t a t i s t i c  df E
H otel l lng-Lawley  Trace 3, 34 .04
P i l l a i ' s  Trace 3, 34 .04
W l lk ' s  C r i t e r i o n  3, 34 .04




Table  37. Summary to r  th e  s t e p w i s e  d is c r im in a n t  a n a l y s i s  w ith  d e c i s i o n
and e x e c u t i o n  used  t o  p r e d i c t  e x p e r t i s e  l e v e l s .
Stepwise S e l e c t i o n :  Summary
Squared
v a r i a b l e  P a r t i a l  Wilks’ Canonical
Step En tered  Removed R2 F C r i t e r i o n  C o r r e l a t i o n
1 Decision . 6 8  83.74** .31 .688
**p<.01
Means for  c o n t r o l ,  d e c i s i o n ,  a n d  execution  
Novices E x p e r t s  
Contro l  81.9 84 . 75
Decision 40.55 84 . 75
Execution 24.95 5 2 . 2
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T able  38 .  Summary fo r  th e  c a n o n ic a l  c o r r e l a t i o n  a n a l y s i s  u s in g  th e
knowledge t e s t  and th e  s e r v e  t e s t  t o  p r e d i c t  d e c i s i o n  and e x e c u t io n
components o f  perform ance fo r  s e r v e  p la y .
Funct ion  Cannonlcal  Elgan E
C o r r e l a t i o n  Value
1 .699 .956 7.6**
2 .183 .034 6.54
M u l t i v a r i a t e  T es t s  and £ Approximations
S t a t i s t i c  Value df  E
Wilks '  Lambda .494 4, 72 7.60**
P i l l a i ' s  Trace .522 4, 74 6.53**
Hote l l lng-Lawley  .990 4, 70 8 . 66**
Roy's  G r e a t e s t  Root .956 2,  37 17.69 upper bound
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T able  39 . s ta n d a r d iz e d  c a n o n ic a l  c o r r e l a t i o n  c o e f f i c i e n t s  fo r  th e
c a n o n ic a l  a n a l y s i s  u s ln q  th e  knowledge t e s t  and th e  s e r v e  t e s t  t o
p r e d i c t  d e c i s i o n  and e x e c u t io n  components o f  perform ance fo r  s e r v e  p la y .
s t a n d a rd i z e d  canon ica l  C o e f f lc en ts










T able  4 0 .  summary fo r  th e  c a n o n ic a l  c o r r e l a t i o n  a n a l y s i s  u s in g  th e
know ledge t e s t  and th e  g ro u n d stro k e  t e s t  t o  p r e d i c t  c o n t r o l ,  d e c i s i o n ,
and e x e c u t i o n  com ponents o f  perform ance fo r  game p la y .
Funct ion  Cannonlcal  Eigan E.
C o r r e l a t i o n  Value
1 .794 1.710 7.58**
2 .063 .004 0.72
M u l t i v a r i a t e  T es t s  and E Approximations
S t a t i s t i c  Value df  E
Wilks '  Lambda .367 6 , 70 7.58**
P i l l a i ' s  Trace .635 6 , 72 5.58**
Hote l l lng-Lawley  1.714 6, 68 9.72**
Roy's  G re a t e s t  Root 1.711 3, 36 20.53 upper bound
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T able  4 1 .  Summary fo r  th e  c a n o n ic a l  c o r r e l a t i o n  a n a l y s i s  u s in g  th e
knowledge t e s t  and th e  gro u n d stro k e  t e s t  t o  p r e d i c t  c o n t r o l ,  d e c i s i o n ,
and e x e c u t i o n  components o f  perform ance fo r  game p la y .
Standa rd ized  Canonical  c o e f f l c e n t s
Function  1 Funct ion  2 
Knowledge 0.416 1.189








Table 42. Summary o£ r e g r e s s i o n  ana ly se s  us ing  th e  knowledge t e s t  and 
the  se rve  t e s t  t o  p r e d i c t  each s e p a r a t e  component of  se rve  per formance.
Squared M ul t ip le  c o r r e l a t i o n s  and F T es t s
Dependet R2 Unbiased R2 £
Variable____________________________________
Decision .4604 .4881 17.63**
Execution_____.22M_____ <2ML____________ 7.88**
s ta n d a rd i z e d  Regress ion  c o e f f i c i e n t s
Decis ion  Execution
Knowledge 0.2762 0.8307
Serve 0.5340 0.5056
Raw Regress ion  C o e f f i c i e n t s
Decis ion  Execution




Table 43. summary of  r e g r e s s i o n  a n a ly se s  us ing  the  knowledge t e s t  and 
the  g rounds troke  t e s t  t o  p r e d i c t  each s e p a r a t e  component of  game p la y  
performance.
squared Mu l t i p l e  c o r r e l a t i o n s  and F Tes t s  
Dependet R2 Unbiased R2 £
variab le_________________________________________________
Control  0.0452 -0.0064 0.88
Decis ion  0.5861 0.5637 26.20**
Execution  0.5178 0.4917_________19,86**____
Standard ized  Regress ion  C o e f f i c i e n t s
Contro l  Dec is ion Execution
Knowledge 0.1312 0.2986 0.3310
Groundstroke 0.1054 0.5464 0.4686
Raw Regress ion  C o e f f i c i e n t s
Con tro l  D ecis ion  Execution
i n t e r c e p t  67.8867 5.7219 -4.6333
Knowledge 0.1888 0.4965 0.4277
Groundstroke 0.3372 2.0196 1.3464
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T able  44. The mean p e rc en ta g e  o f  s u c c e s s f u l  r e s p o n s e s  fo r  th e  s e r v e  and
game p la y  components o f  performance f o r  age l e v e l s .
10-11 Years <N=20) 12-13 Years (H=20)
 n S________ H S___
Serve
Decis ion 69.3 29.1 60.5 32.3
Execution 36.6 30.0 29.2 21.1
Game Play  
Contro l 82.2 24.1 84.5 22.4
Decis ion 63.5 25.1 61.2 28.6
Execution 32.6 18.9 44.6 21,1
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Table  45. The mean p erc en ta g e  o f  s u c c e s s f u l  r e s p o n s e s  fo r  th e  s e r v e  and
game p la y  components o f  perform ance fo r  e x p e r t i s e  l e v e l s .
Exper ts  (11=20) Novices (N=20)














Table 46 . The mean p e r c e n ta g e  o f  s u c c e s s f u l  r e s p o n s e s  fo r  th e  s e r v e  and
game p la y  components o f  perform ance fo r  age  x e x p e r t i s e  l e v e l s .
10-11 Years Exper ts  (11=101 Novices (N=10>
Serve M S M S
Decis ion 90.3 13.5 48.2 24.8
Execution 55.9 28.4 17.6 17.1
Game Play
Control 83.4 30.2 81.0 17.6
Decision 84.6 8.8 42.4 16.1
Execution 45.5 14.9 19.7 12.8
12-13 Years Exper ts (N=1Q) Novices (N=1Q_L
Serve H S H S
Decision 87,6 8.1 33.3 22.3
Execution 46.9 11.4 11.5 10.8
Game P lay
Control 86.1 29.7 82.8 13.1
Decis ion 83.6 19.3 38.7 15.5
Execution 58.9 9 .5 30.2 19.7
Appendix 1 
A dd i t iona l  Tables  for  Phase 2
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Table 47. manova t a b l e  £or age l e v e l ,  e x p e r t i s e  l e v e l ,  and age x 
e x p e r t i s e  v i t h  the  t o t a l  c o n d i t i o n ,  a c t i o n ,  and goal  concepts  in  the  
s i t u a t i o n  In te rv iew  as dependent v a r i a b l e s .
E f f e c t  -  Age Level
S t a t i s t i c df E
Hote l l ing-Lawley  Trace 3, 34 1.81
P i l l a i ' s  Trace 3, 34 1.81
M ilk ' s  C r i t e r i o n 3, 34 1.81
Roy's  Maximum Root 3, 34 1.81
E f f e c t  - E x p e r t i s e  Level
S t a t i s t i c df E
Hote l l ing-Lawley  Trace 3, 34 4.85**
P i l l a i ' s  Trace 3, 34 4.85**
M ilk ' s  c r i t e r i o n 3, 34 4.85**
Roy's  Maximum Root 3, 34 4.85**
E f f e c t  -  Age x E x p e r t i s e
S t a t i s t i c df E
Hote l l ing-Lawley  Trace 3, 34 .43
P i l l a i ' s  Trace 3, 34 .43
M i lk ' s  C r i t e r i o n 3, 34 .43
Roy’s Maximum Root 3, 34 .43
**p<.01
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T able  46 . Summary fo r  th e  s t e p w i s e  d i s c r im in a n t  a n a l y s i s  v l t h  th e  t o t a l
c o n d i t i o n ,  a c t i o n  and g o a l  c o n c e p t s  used  t o  p r e d i c t  e x p e r t i s e  l e v e l s  f o r
th e  s i t u a t i o n  I n te r v ie w .
stepw ise  S e l e c t i o n :  Summary
Squared
V ar iab le  P a r t i a l  V l l k s 1 Canonical
Step Entered Removed R2 F C r i t e r i o n  C o r r e l a t i o n
1 T o ta l  Condit ions  .28 14.67** .72 .279
**P<,01
Heans for  the  concepts
Novices Exper ts  
c o n d i t i o n  3.70 7.70
Action 4.95 7.30
Goal 6 .0 0  3 .3 5
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T able  49 . MANOVA t a b l e  fo r  age  l e v e l ,  e x p e r t i s e  l e v e l ,  and age  x
e x p e r t i s e  w ith  th e  t o t a l  number o f  d i f f e r e n t  c o n d i t i o n ,  a c t i o n ,  and g o a l
c o n c e p t s  in  th e  s i t u a t i o n  in t e r v i e w  a s  d ependent v a r i a b l e s .
E f f e c t  -  Age Level
S t a t i s t i c  df  E
Hote l l ing-Lawley  Trace 3, 34 1.21
P i l l a i ' s  Trace 3, 34 1.21
Wllk 's  C r i t e r i o n  3, 34 1.21
Roy's  Maximum Root 3, 34 1.21
E f f e c t  - E x p e r t i s e  Level
S t a t i s t i c  df  E
Hote l l ing-Lawley  Trace 3, 34 6.20**
P i l l a i ' s  Trace 3, 34 6.20**
W llk ' s  C r i t e r i o n  3, 34 6.20**
Roy's  Maximum Root 3, 34 6.20**
E f f e c t  -  Age x E xpe r t i s e
S t a t i s t i c  df  E
H ote l l ing-Lawley  Trace 3, 34 1.12
P i l l a i ' s  Trace 3, 34 1.12
W llk ' s  C r i t e r i o n  3, 34 1.12
Roy's  Maximum Root 3, 34 1.12
**p<.01
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Table  50 . Summary fo r  th e  s t e p w is e  d i s c r im in a n t  a n a l y s i s  w i th  th e  t o t a l
c o n d i t i o n ,  a c t i o n  and g o a l  c o n c e p t s  used t o  p r e d i c t  e x p e r t i s e  l e v e l s  fo r
th e  s i t u a t i o n  in t e r v ie w .
.S tepw ise  S e l e c t i o n :  summary
Squared
V ariab le  P a r t i a l  Wilks '  Canonical
Step  Entered Removed R2 F C r i t e r i o n  C o r r e l a t i o n
1 D i f f e r e n t  Actions
**p<.01
.31 17.02** - . 6 9 .309
Means for  the concepts
Novices Exper ts  
c o n d i t io n  2.50 4.60
Action 2.75 4.20
Goal 2 .8 0  2 .3 0
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T able  S I .  MANOVA t a b l e  fo r  age l e v e l ,  e x p e r t i s e  l e v e l ,  and age x
e x p e r t i s e  w ith  th e  t o t a l  c o n d i t i o n ,  a c t i o n ,  and g o a l  c o n c e p t s  in  th e
p o in t  I n t e r v ie w  a s  d ependent v a r i a b l e s .
E f f e c t  -  Age Level
S t a t i s t i c  df E
H ote l l ing-Lawley  Trace 3, 34 .36
P i l l a i ' s  Trace 3, 34 .36
W llk ' s  C r i t e r i o n  3, 34 .36
Roy 's  Maximum Root 3, 34 .36
E f f e c t  -  E x p e r t i s e  Level
S t a t i s t i c  df  E
H ote l l ing-Lawley  Trace 3, 34 2.03
P i l l a i ' s  Trace 3, 34 2.03
W llk ' s  C r i t e r i o n  3, 34 2.03
Roy 's  Maximum Root 3, 34 2.03
E f f e c t  -  Age x E xpe r t i s e  
S t a t i s t i c  df  £
Hote l l ing-Lawley  Trace 3, 34 .36
P i l l a i ' s  Trace 3, 34 .36
W llk ' s  C r i t e r i o n  3, 34 .36
Roy's  Maximum Root 3, 34 .36
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Table 52 . MANOVA t a b l e  fo r  age l e v e l ,  e x p e r t i s e  l e v e l ,  and a g e  x
e x p e r t i s e  w ith  th e  t o t a l  number o f  d i f f e r e n t  c o n d i t i o n ,  a c t i o n ,  and g o a l
c o n c e p t s  In th e  p o in t  i n t e r v i e w  a s  d ependent v a r i a b l e s .
E f f e c t  -  Age Level
S t a t i s t i c  df E
Hote l l ing-Lawley  Trace 3, 34 2.64
P i l l a i ' s  Trace 3, 34 2.64
Wllk’s C r i t e r i o n  3, 34 2.64
Roy's  Maximum Root 3, 34 2.64
E f f e c t  - Exper t i s e  Level 
S t a t i s t i c  df  E
Hote l l ing-Lawley  Trace 3, 34 5.98**
P i l l a i ' s  Trace 3, 34 5.98**
W llk ' s  C r i t e r i o n  3, 34 5.98**
Roy's Maximum Root 3, 34 5.98**
E f fe c t  -  Age x E x p e r t i s e  
S t a t i s t i c  df E
Hote l l ing-Lawley  Trace 3, 34 .28
P i l l a i ' s  Trace 3, 34 .28
W llk ' s  C r i t e r i o n  3, 34 .28
Roy's  Maximum Root 3, 34 .28
**p<.01
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T able  5 3 .  summary fo r  th e  s t e p w is e  d i s c r i m i n a n t  a n a l y s i s  w ith  th e  t o t a l
c o n d i t i o n ,  a c t i o n  and g o a l  c o n c e p t s  used  t o  p r e d i c t  e x p e r t i s e  l e v e l s  fo r
th e  p o in t  I n t e r v ie w .
Stepwise S e l e c t i o n :  Summary
Squared
V ar iab le  P a r t i a l  Wilks '  Canonical
Step Entered Removed R2 F C r i t e r i o n  C o r r e l a t i o n
1 D i f f e r e n t  Actions .27 14.03** .73 .270
**p<.01
Heans for  the  concepts
Novices Experts
Cond it ion  2.00 3.20
Action 0.95 2.60
Goal 1 .4 0  1 .9 5
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T able  54. Heans and s ta n d a rd  d e v i a t i o n s  fo r  t o t a l  and d i f f e r e n t
■ ea su res  for  th e  s i t u a t i o n  and p o in t  i n t e r v i e w s  by age l e v e l s .
10-11 Years(N=20) 12-13 Years(N=20) 
 M _J5_ _ _ _ _ _ _ _ _ _ _ _ _ _ U_ _ _ _ _ S_ _ _ _ _ _ _
S i t u a t i o n  In te rv iew
Tota l  Concepts
Condit ion 4.85 3.53 6.55 4.03
Action 6.15 2.56 6.10 3.18
Goal 3.45 1.57 5.90 10.58
D i f f e r e n t  Concepts
Condit ion 3.10 2.13 4.00 2.18
Action 3.50 1.47 3.45 1.19
Goal 2.70 1.69 2.40 1.19
10-11 Years(N=20) 12-13 Years(H-20)
M S M S
P o in t  In te rv iew
T o ta l  Concepts
c o n d i t io n 5.25 5.51 5.60 4.63
Act Ion 2.45 3.00 3.35 3.25
Goal 3.15 2.43 3.65 3.34
D i f f e r e n t  Concepts
Condi t ion 2.05 1.54 3.15 1.98
Action 1.30 1.34 2.25 1.74
Goal 1.65 1.09 1.70 1.34
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Table 55 .  Heans, s tan d ard  d e v i a t i o n s ,  and th e  K ru sk a l-W allace
{ c h i - s q u a r e  a p p ro x im a tio n )  t e s t  by age l e v e l s  f o r  th e  q u a l i t y ,











Q ua l i ty
c o n d i t io n
0 0.20 0.41 0.70 1.12 0.02
1 2.40 1.79 2.55 2.33 0.02
2 2.20 2.40 2.00 2.95 1.95
3 0.10 0.31 0.30 0.80 0
a c t i o n
0 0.70 1.59 0.05 0.22 3.27
1 3.10 2.07 1.30 1.89 0.63
2 2.10 1.74 1.50 1.76 0.76
3 0.50 1.05 0.40 0.99 0.27
Goal
0 2.50 1.24 2.65 2.87 0.01
1 0.45 0.76 0.10 0.31 0.57
2 0.35 0.58 0 .85 1.09 1.12
Linkages
s i n g l e 1.50 1.54 2.20 1.32 3.01
double 1.30 0.98 1.85 2.16 0.36
t r i p l e 0.55 0.83 2.20 1.32 0.30
Connect ions 0.20 0.41 7.85 4.87 0.02
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T able  5 6 .  Heans, s ta n d a rd  d e v i a t i o n s ,  and th e  K ruskal-W allace
( c h l - s g u a r e  a p p ro x im a tio n )  t e s t  by a g e  l e v e l s  £or th e  q u a l i t y ,
c o n n e c t io n ,  and l in k a g e  m easures fo r  th e  p o i n t  In te r v ie w  by age l e v e l s .
10-11 Years(N=20) 12 -13 Years<N=20)
M S M S 2
Q u a l i t y
Condit ion  0 0.40 0.99 0.70 1.12 1.00
1 2.70 2.94 2.55 2.33 0
2 2.05 3.47 2.00 2.95 0.02
3 0.05 0.22 0.30 0.80 1.19
Action 0 0 0 0.05 0.22 1.00
1 1.30 2.05 1.30 1.89 0.01
2 1.15 1.87 1.50 1.76 1.03
3 • 0.15 0.37 0.40 0.99 0.28
Goal 0 2.20 1.77 2.65 2.87 0
1 0.10 0.31 0.10 0.31 0
2 0.60 1.32 0.85 1.09 3.22
Link acres
s i n g l e 6.35 3.65 7.60 4.45 0.58
double 0.75 1.65 0.65 0.93 0.15
t r i p l e 0.05 0.22 0 0 1.00
Connections 2.35 2.76 2.50 3.41 0.02
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Table 57. Heans, s tandard  d e v i a t i o n s ,  and the  Kruskal-Wal lace 
( ch i - s q u a re  approximation)  t e s t  by age l e v e l s  £or agreements and 
d isagreements  for  the  p o in t  i n t e rv ie w  and game p lay  performance 
components ( d ec i s io n  and e x e c u t io n ) .
10-11 Years(N=20) 12-13 Years(N=20)
H s_______________ M S_____________ 2.
iD teiitlA S
Agreements 0.85 1,08 2.20 2.84 1.45
Disagreements 0.80 1.51 1.30 2.13 0.54
Game P_lav
Agreements 5.05 4.41 7.80 4.76 4.05*
Disagreements 6.50 6.10 5.40 4.39 0.12
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